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PREFACE 


he well-being of humans and animals 
is pretty much interdependent. It's 
impossible to ensure human health, 
food security and food safety, and welfare 
without considering animal and environmental 
health, 
The need to enhance the collaboration between 
animal health workers and medical 
professionals, researchers and academicians 
has moved the editors to develop this 
publication. The book takes into account the 
major threats of animal, human and 
environmental health. This book provides the 
care concepts of One Health approach with a 
citical focus on the key challenges ie, 
roonotic diseases 


and — environmental 


degradation. The objective is to cover 


epidemiological interactions of various 
infectious diseases and their environmental and 
ecological implications as an emerging threat, 

Itis anticipated that this book would be of great 
use to a variety of readers. University students, 
graduates, practitioners, animal healthcare 
providers and health professionals would 
definitely find this book of great importance. 
The language of book has been intentionally 
kept easier for a non-technical person to grasp 
the concepts on interdependence of animal, 
human and environmental health. The editors 
‘wish to publish a series on the subject keeping 
in view the urgency to highlight these areas for 


awareness, research and development. 
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INTRODUCTION 


‘Antimicrobial compounds produced naturally by 
microorganisms, plants, ce modified chemical substances, 
dnd are used extensively for the treatment or cure of varius 
infections in humans and animals (Asredie and Engdaw 
2015). Many antimicrobial products are used in food- 
Producing animals fr different purposes ito teat disease, 
4s feed additives, and to enhance animal growth. The 
‘widespread consumption of these products results in 
antimicrobial residues in the tissues ofthese animals and the 
foods derived from them. On the other hand, these residues 
have numerous consequences on health and on a broad 
perceptive, on the environs (Treiber and Beranek-Knauer 
2021). Fig. 1 illustrate the antibiotics given to animals 
‘through feed, water, injections as a feed additive, as growth 
promoter, and for iratment of disease. lead to anibitic 
resides in food animals, 

Metabolites called antimicrobial residues are formed after 
antimicrobial chemicals are administered to an animal and 
fan be found in both non-edible ad edible tissues, These 
‘antimicrobial residues in animal food that exceed the 
‘maximum acceptable limit may cause antibiotic resistance 
and other complications in humans and animals (Ngangom et 
al. 2019), 


‘Antimicrobial Products used for Growth Promotion 


Antimicrobial compounds are used to hoost animal growth, 
‘primarily in fattening animals or broilers. The reason forthe 


better growth is due tothe gu's mucosal membrane becomes 
thinner, enabling improved absorbance, changing gut 
mobility to improve more suitable absorption and making 
‘optimal conditions for valuable microorganisms in the 
animal's gut by killing pathogenic bacteria. Furthermore, 
antimicrobials promote growth by reducing the immune 
System's scope of action, reducing toxin generation, and 
Fedcing nutrient waste, Antimicrobials used for growth 
Promotion are particularly effective in poultry and small 
{growing animals since they are more receptive to them. 
‘According to research, chicks fed the fermenting waste of 
‘manufactured tetracycline as a source of vitamin Bs matured 
‘quicker than hen fed asthe controls. It was soon determined 
thatthe tetracycline residue (not the vitamin level inthe feed) 
\wasthe reason ofthis influence (Edquist and Pedersen 2001) 


‘Antimicrobial Products used for Therapeutics 


‘The use of antimicrobials in ll cases of inlamamaton, fever 
viral infections and injuries has a significant residual effect 
fon die tissues. Antimicrobials are effective in usual 
conditions since their job is to eliminate frequently diverging 
cells through cell invasion (Mahmoudi etal 2018), 


Antimicrobial Products used for Prophylactics 


Poultry or animals have been administered suboptimal 
‘groups of antimicrobials to stop potential illness. However, 
the antimicrobial agents are explicit in the range of their 
action merely inthe vigorous reproducing phase of 
microorganisms: nevertheless, they wll not deliver complete 
defense. In specific eases, i. surgical method and dry cow 
therapy need antibiotic treatment (Callens et a, 2012), 


Other use of Antimicrobial Products 


‘These antimicrobial products are also utilized in many 
Practices throughout the processing, manufacturing, and 
orig of dairy products. The contaminants in dry products 
may arise from water, soil, or air through manufacturing, 
transportation, or storage. Moreover. the inditect 
‘contamination through feed provided to animals leads to 
fntimicrobial residues in man, Various other major issues 
include the deficiency of extension activities, shertage of sfe 
‘drugs, insufficient information given by’ manufacturers, 
utilization of animals for addtional profit or prediction and 
unawareness. The United States Food and Drug 
‘Adminstration bans the additional usage of furazolidone, 


‘Citation: Fatima N, Mahmood MS, Anwar MN, Aslam R, Arshad Ml, Nawaz Z, Khan MUZ, AM, Choufdary Mand ANS, 
2023. Antimicrobial residues and food of animal origin. ln: Abbas RZ. Saced NM, Younus M, Aguilar-Marcelino Land Khan A 
(eds), One Health Triad, Unique Scientific Publishers, Faisalabad, Pakistan, Vol. 2, pp: I-7 
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Fig: Development of anibioie 


reste. 
ANTIBIOTIC CONSUMPTION IN HUMAN AND ANIMAL 
InYear 2012 By Year 2030 
Human Consume primate Consume [Antibiotic Coraumption in 
Tvestock wile increase 
to two thielGlobaly! Fig, 2: Global consunption of 
9 aibiotics in fumans and 
‘imal, 
2010 
2030 


bloramphenical, 


sulphonamide, 
nitofurazone in lactating animals (Nisha 2008), 


fluoroquinolones, and 


Widespread Antimicrobial Gourmandization in Food 
of Animals Origin 


In 2010, there were roughly 63,151 (or 1,560) tonnes of 
antimicrobials use in animals rived for food. By 2030. ts 
Predicted that this quantity wal rise by 67% t0 105.596 (or 
3.65) tonnes. According to estimates, the rise inthe number 
‘of animals bred for food production accounts foe two-thirds 
(668%) of the overall increase (67%) in the consumption of 
antibiotics (Tiseo etal. 2020), While the farming methods 
‘used to produce remaining ofthe third proportion (4%) have 
changed, with a bigger proportion of animals by 2030 
anticipated to be grown in intense agricultural setups. Due to 
the shi in production systems, Asia alone is consuming 
around 465 of antimicrobial products by 2080. Asia is 
Predicted to consume SLSS1 tonnes per annum of 
fantimicrobials in 2030, which is $2%% of the present 
‘worldwide consumption in 2010 in food animals (Van 
Boeckel et al. 2015). Fig. highlight the global consumption 
‘of antibiotic in humans and animals 

‘According to WHO, today almost cighty percent of food 
Frodcing animals have been given different drugs in most or 
part of their ie. Frequently used antimicrobials include 
‘ulphonamides, aminoglycosides, tetracyclines, specinomyis 
‘wimethoprim, macrolides, nitrofurans, Nivoimidazoles, f- 


lactams, pleuromutiins, Lincosamides, polymyxins, and 
quinolones (Chifer-Percds etal. 2010; Tadesse and Tadesse 
2017, 

‘The topmost antibiotics used in cattle include macrolides and 
tetracycline through drinking water and feed while 
sulphonamides as a therapeutic and prophylactic drugs and 
‘growth promoters. Generally, tetracycline, forfenicol and 
tylosin are used orally for the treatment of darthea 
respiratory diseases, foot rot, and liver abseesses at sub- 
therapeutic levels (Mor ct al. 2012). Fig. 3 represent the 
percentage of antibiotics to be used in animals 


‘Maximum Residue Limit 


‘The maximum residue limit (MRL) is a concentration of 
antimicrobial products below the hazardous level and 
Permilted by various organizations infeed or food projected 
to be used for human and animal intake ata given duration 
called as maximum residue limit The measuring unt of MRL. 
for liquid ismi/L_and fr solid mg/kg (Sachi etal. 2019)."The 
food product below the MRL is non-hazardous forthe health 
fof consumers and does not interupt manufacturing 
procedures. The concept of MRL maintains the balance 
Fetween producer and consumer t use antibiotic safely. The 
‘main points to be considered while calelating MRL. inchide 
potential effects or the toxicological possibility of residues on 
the digestive Nora of humans (Anonymous, 2000: Ma et a 
2021), 
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lg 3: Percentage of antibiotics used in animal 


Withdrawal Time 


‘The time interval required after the administration of the 
drug in food-producing animals to ensure thatthe 
toxicological impact of antibiotic residue reaches a sale 
‘concentration or below MRL in milk or edible portion ofthe 
animal. Tis time reduces or prevents the detrimental effects 
‘of drug residues in foodstuffs for consumption (Nzangom et 
al. 2019). This largely depends on the route of 
administration, and the physical and chemical properties of 
drugs (Sachi etal. 2019). For checking antibiotic residues, 
throughout withdrawal procedures ater drug administration 
is being stopped, the targeted tissue is selected and animal 
samples are collected and tested a different time intervals. 
Furthermore, the kidney and liver are the most important 
‘organs as residues roqured a longer time to pass through 
these organs (Ngangom etal. 2019) 


Causes of Antibiotic Residues 


‘The main causes of antibiotic residues in edible portions or 
tissue comprise overdose of injection, negligence to Follow 
proper withdrawal time, use of contaminated equipment with 
Antibiotics while administrating ee mixing the drug, reer in 
‘mising and accidental feeding with medicated feed or spilled 
‘chemicals (Chen et al. 2019). Among the diferent routes of 
‘administration Le. topical, oral and parenteral it has been 
described that antimicrobial residues surpassing the criteria 
fare mainly faced when directed through injection. This 
‘causes persistence in animal tisue, limiting ther elimination 
(Amséne et al. 2022). Animal factors include pregnancy. 
allergies, age infections, congenital illness, ee. Temperature 
Variation of water for aquatic species, contaminated 
cnviranment, and improper use of antibiotics. The presence 
fof antimicrobial residues in seafood might result in the 
‘development of toxicity and bacterial resistance to customers 


which can result in various diseases and even can cause 
disease in severe ease. (Okocha etal 2018) 

‘The global requirement for products of animal is increasing 
as itis rich in protein for human consumption, commonly 
leading 10 the excessive utilization of antimicrobials. in 
sgriculture, Antimicrobials are used in 73 percent of meat 
Production around the world. Assessments on the use of 
antimicrobials concerning the manufacturing of products of 
animal are expected 10 increase in 2030 by 115%. The 
spontaneous emergence of antimicrobial resistance in farm 
animals and indirecly in humans through animal food 
‘emsumptin is mainly dae 1 the addition of antimicrobial 
‘compounds in animal eed. Apart fom this issue the use of 
‘wastewater contaminated with antibiotics and dung disposal 
‘of animals i the envionment are addtional challenges that 
fre repeatedly revealed in many seientific studies av source 
ff the spread of antibiotic residue and antimicrobial 
resiunce (Treiber and Beranek-Knauer 2021), Fig. 4 
highlights the major sources of untibiotic residues. 


Public Health Risk 


Public health risks arise by ingesting food containing 
antimicrobial residue above the acceptable daily intake or 
residual limit higher than MRLs. The sudden consequence 
ff antimicrobial residue indaces various illnesses throighout 
the food chain in humans. The adverse effects involve 
‘exposte to antimicrobial residues for a relatively long time 
(Agmas and Adugna 2018). Dairy and other food products 
fom animals that contain anibitic residues have major 
health issues as listed in Fig, 5, The harmful impact of the 
‘drugs comprises immunological diseases, cancer, toxic 
effects, (eg. oxytetracyeline, sulphamethazine, and 
furazolidone), nephropathy, mutagenicity. (eg. 

‘gentamicin), and bone marrow toxicities, reproductive 
Aisorders, hepatotoxicity (eg, chloramphenicol) (Tadesse 
and Tadesse 2017), 

‘The possible effects of antimicrobial residues on public 
health are a follows 

+ Antibiotic Resistance: The development of antibiotic 
resistance duc to these resides is a major concern as these 
Promote resistant bacteria and induce severe pathologies. 
Even the existence of low anuhiotic residues renders 
microbes resistant to antibiotics, The sntbiotic-resistant 
microorganisms can be transferred between people through 
‘eantact directly or indirectly via exchanging resistant genes 
inthe surroundings, funher details of antimicrobial resistance 
ae discussed below in the chapter, 

+ Allergic Reactions: Numerousallergc responses, suc 
ss anaphylaxis and serum sicknesses, are linked to various 
antibiotic residues, primarily in penicillins case. 

* Carcinogenicity: Antibiotic residues may cause cancer 
hy interacting with biological components including RNA or 
DNA. 
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lg. 5: Public hea sk due to abscess 


1+ Mutagenicity: Another negative effect of antibiotic 
residues is their mutagenic effect. which can provoke DNA 
‘mutation or chromosome dysfunction. Human infertility may 
result from these alterations 

‘+ Teratogenicity: Duc tothe presence of antimicrobial 
‘esdes for an extended time during gestation, several inborn 
defects may be seen in the newhorn child 

‘+ Disruption of the usual Condition of the 
Intestinal: The intestines normal flora coexists with diverse 
‘mieroorganisms and fills its space to preven illnesses caused, 


‘One Health Wad 


Fg. 4 Major sources of ani residues 


by pathogenic microorganisms. A large number of normal 
intestinal flo dt has non-pathogenic microorgenisms may 
he destroyed by antimicrobial residues, by sing abroad range 
‘of anubiotics. This ean highlight disease-causing microbes 
and distur the normal intestinal flora (Kyuehukova 2020), 


‘Antimicrobial Residues: A Leading Cause of 
‘Antimicrobial Resistance 


‘Themis ny cm dh tition im motile 
intra podnging the aval of bacadn mn jrmctng 
ieee sein bei wh cary te 
‘Toe tannerable genetic clement, involving integrons 
prophogen end plnmaie, wil promcos te aredag td 
Seiko porn reerbtonin f stite-ratie pe 
by conga, enndicton, and transforma, together 
loa racial gene tf (Bene al 2019) 

‘Then cou mpelig tc of etal eee 
ince chain of ctponre. 42 asinicrobal, dg 
rocmemniion, hd imine Rams expan (6c, ad 
tntimerbil type (Nengom cal. 219) 

‘The tanita of arabia fete mag. the 
vironment. amas snd hemans ocurred hr many 
fous, Arming fem enfraunest ct at be batvech 
several cnipements of ted ites t-yater, emp 
dal ad it Tex eile acres atu reeves Mea 
Ioile genetic components that spread and trict ith 
‘aber pt of the caveat oc mal so Boman bot 
‘The rend af aires ei hronh toro ps 
such ts the manufictrngindiny hot and mip 
aaa, ml leacate of anibioi dichare, ad edie 
‘ol from upicalte elds sompeiang vec nme 
fl nl chr, The mtr eoopoudi ne 
fale ranging fom mite, and hors several yy Bt 
setirbial rete wre decried the peices pt 
‘tthe eosiroment (Aba et 2031 
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Impact of Consuming Antibiotic 
Containing Food and Antibiotic Resistance 


Residues 


The World Health Organization promotes the idea of "one 
Incalt," which encompasses both animal and human health 
[thighlights the broad relationship between the envionment, 
animals and humans, all of these direct the distinctive 
approach to health. Thus at all ofthese thee level, the entire 
chin should consider maintaining equilitrium by using 
medicinal products carefilly. Nowadays there is much public 
awareness about the elects of inereased and prolonged use 
fof antibiotics in the production of animal. livestock. 
‘Antibiotic resistance genes can he developed in 
‘microorganisms. which is helpful in their survival 
‘minimizing treatment of microbial infections, selection 
‘pressure, and inereasing mortality in humans. A fundamental 
Source of antibiotic residues is sim ood which isa result 
‘ofthe indiscriminate use of antibiotics a the industrial level 
Worldwide differences in antibitic-esistance genes and the 
prevalence of animal-hased untbioic-esistant bacteria have 
hheen reported between different geographical areas, Even 
alice the eat treatment antibiotic residues remain in animal 
‘hased food such as eggs, meat, and milk and cause antipathy 
land gastrointestinal diseases in consumers or lead 19 the 
appearance of superbugs because of antimicrobial resistance, 
‘Antibiotic resistance as well as the ineffectiveness of 
‘anubiotic therapy is increasing im humans. [ts mentioned in 
the literature that the abusive and constant use of antibiotics 
tan induce the production of antibiotic-resistant bacteria 
Infections of multidrug-resistant bacteria can pose a threat 10 
public health by increasing mortality. The researchers have 
‘mentioned that after awhile, bacteria will develop resistance 
to compounds similar to antibiotics such as phenolic 
‘compounds (Ghitmpetean tal. 202 

Kumar etal. (2020) investigated the tpi to comprehend 
more promising mechanisms for developing or spreading 
antibiotic-resistant genes in clinical, autntive, agricultural, 
and environmental settings. Altemate dietary plans were also 
assessed to replace medicated feed and antibiotics with 
Drebiotcs. probiotics, anibodies, and essential oils having a 
Prophylactic role aguinst infections caused by 
microorganisms. Animal husbandey is a curtail contributor to 
fod requirements and a significant component of the global 
‘ceanomy. Antibiotics ate not only given to animals through 
feed but also in drinking water for treatment purposes oe 10 
‘gun weight. Various preventive measures should be taken 
‘lobally to eliminate the resistant bacteria such as avoiding 
the “we of antibiotics for on-therapeutic purposes. 
“Antibiotics should be strictly avoided when animal food is 
intended for the consumption of humans (Singh et al. 2014), 
“Avoparcin has been hanned in European Union to reduce the 
‘currence of antibiotic resistance in humans and animals 
{(Giimapejeanu etal, 2022). To comteol antibiotic resistance 
‘eansmission from farm to fork, the expansion of the World 
Health Organization or Food and Agriculture Organization of 


the United Naticns, Global action plan is necessary along 
with one health concept. Infections caused by anibiotic~ 
resistant bacteria ill 33.000 people every year. WHO 
prcibited the use of antibiotics for animals that produce food 
‘nd lly restricted the prevention of disease using antibiotics 
‘without the diagnosis, Several countries are already taking 
measures to decrease antibinie usage in food-producing 
snimals. European Union has batned the use of antibiotics 
for growth promotion since 2006. Aditionally, consumers 
also promote the marketing of meat from animals tht are 
raised without using antibintics, some food chains also 
supply. meat with “antibiotic-free” policies. The main 
‘objective is to use amtibioies when i is necessary’ so that the 
cllectiveness of antibiotics is) maintained foe treatment 
purposes (WHO 2022). FDA listed 89 antibiotics that are 
medically important and added to the feeds of animals. 
Furthermore, national programs for the inspection of 
antibiotic residues in different types of food products are 
being updated constantly (Mensah etal. 2014). 


Environmental Risk 


‘The environmental occurrence of antibiotic residues a result, 
‘of countless configurations of antibiotics nermally subjected 
to combat microbial infections and increase the prediction of 
livestock. The antibiotics use inthe treatment of animals and 
humans are reaching the environment settings through waste 
matter discharged Irom the boxy, especially feces and urine. 
‘About 400. depends upem the type of antibiotic excreted 
in active form, returning tothe atmosphere and contaminating 
the water, soils field, plans air, ee: (Oloso et al. 2018).The 
routine usage of huge volumes of antibiotics in. animal 

srming can result in the contamination of farmed lands 
‘heaugh the use of adulterated manure on fields as fertilizer 
and the wastewater used forthe irigation of erops. Further 
‘cancer ses from the inappropriate disposal of antimicrobial 
Products into sewage systems, Many wastewater treatment 
Plants are working to teat aniotic-contaminated water but 
100% removal of antimicrobials is not posible, therefore the 
final effluent or sludge contains antibiotics in excess 
mounts This sludge is then used in plants a fertilizer and 
discharged in water and this water might end up in drinking 
water sources lke lakes and sivers (Poianciuc etal 2020), 
Apart ftom livestock and poultry, human dwellings 
hospitals, and aquaculture farms antibiotic contaminated 
wastewater are occasionally released into the environment 
‘without undergoing any treatment, In many counties, the 
Foutine monitoring ofthe antimicrobials and ther residues ia 
linking water is not possible due tothe high cost (Lundborg 
snd Tarnankar 2017), 


Technological Risks 


“The antibiotic residues pose a major technological risk to 
food products processed by microbial fermentation for 
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ccxample in fish (shrimp paste, bagoong, surstrimming, 
‘ravlax, fish sauce, garum and fesikh) meat (salami, comed 
heef, sausage. chorizo, soudjouk, and pepperoni) and milk 
(cheese and fermented mille product). The interference of 
fanblotic residues in these raw materials can hinder the 
fermentation process by obstructing the strter cultures, 
leading to poor quality of food and manufacturing falls 
(Arséne eal. 2022), 


Current Detection Method of Antibiotic Residues 


Traditionally the detection of antibiotic residues ean be 
divided into three groups: chromatography/mase 
spectrometry detection techniques, immunoassay techniques, 
and microbial inhibition seresning techniques (Wang and 
Zhao 2018). The widely and eariest-used method is 
‘microbial inhibitions assays. These assays are cost-effective 
dnd cover a broad spectrum of antibiotics im one go. There 
are two types of tests, one tube test, and the ether agar plate 
‘or microtiter well plate test. The main principle ofthese tests 
Jncludes. spore suspension of the most highly sensitive 
‘hatera in the growth medium, accompanied by an indiatoe 
(pH or redox). The bacterial grovth begins atthe optimum 
temperature and acid production by fermentation i indicated 
boy color change. The absence of color change indicates the 
presence of antimicrobial residues that prevent the growth of 
bacteria (ikkemaat 2009), 

‘The confirmatory methods with igh specificity are 
laborious, expensive, and need an adequste oF personne! 
laboratory. These methods are essentially chromlographic 
techniques (mainly liquid chromatography) coupled with 
ultraviolet (UV) or mass. spectromety. Furthermore, 
feahanced surface Raman spectroscopy, high-performance 
liguid chromatography (HPLC) with a spectroscopic HPLC 
‘photodiode aray detector or with spectroscopic fluorometric 
detection (HPLC-RF) and capillary electrophoresis (CE), 
CE- laser-induced fluorescence, are also presented to be 
cffcient in detecting antimicrobial residues. Now a day's 
fully automatic highly specific onsite application biosensors 
fare becoming progressively significant in identifying 
‘anubiotic residues in various foodstuffs. These biosensors 


fan be categorized based on biological clement 
(microbiological, enzymatic, and immunosensery) 
‘wansducer (calorimetric, piezodlecric, thermal, optical, 


clectrochemical, and impedimetric) and immobilization of 
biological element procedure on solid. support medium 
(encapsulation, adsorption, entrapment, cross-linking. and 
covalent bonding) (Arse etal. 2023), 


Control of Antimicrobial Residues 


‘The following steps may be taken to lower the risk of 
antimicrobial residues on animal and public heal: 

‘© The most important and intial step is educating people 
about the issue through various organizations, literature, 
{government agencies, and veterinary personnel, 
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‘Rapid analysis fall antibiotis spectrum in one test 
Proper maintenance and monitering of MRL and 
‘vith ie, 

+ Promote ethnoveterinary practices, 

* Costeffective and simple field test to determine the 
sntimicrobil residues in food-producing animals 

+ Ban food containing antimicrobial resides. 

*  Useofresins, UViradiaton, and activated charcoal help 
in the inactivation of antibiotics 

Avoidance of irrational use of antibiotics in the field. 

* Peridie surveillance und monitoring ofthe resides in 
food unimals and their product (Nisha 2008). 
‘Antibiotics used as growth promoters should be banned. 
Only prescribed antibiotics should be given to animals 
by the veterinarian 

© For antibiotic therapy, a narrow-spectrum antibiotic 
should be chosen (Okocha etal 2018) 

+ Allemative treatment strategies should be adapted for 
‘example probiotics and plant base elements (Bacinl and 
Basaran 2019). 


Conclusion 


Allergies, cancer altered intestinal lor, bacterial resistance 
tnd the suppression of fermentation in the dairy sctor are all 
possible outcomes of antimicrobial residues in foods of 
tnimal origin. The potential development of antimicrobial 
resistance by antimicrobial residves in meat, milk, eg, and 
fish poses a severe hazard to public health, There may be 
‘eansequences forthe food supply system, whichis aleady 
unde stress from the ongoing epidemic of COVID-19. The 
scientific data needed to advise political decision-makers to 
interact with veterinarians and livestock producers, and 
promote sustainable development plans. Health ofiials may 
lake notice and begin formulating strategies to reduce ot 
climinate this risk, 
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INTRODUCTION 


Bacteria have been intensively researched in ther planktonic 
ceondition from the beginning, yet in natural systems they 
seldom exist ia an autonomous. free-svimming planktonic 
tute. Instead, they reside in interdependent complex 
‘multicellular surface-atached communities called bioiims 
that are bound together by a self-secreted extracellular 
polymer matrix mostly made of polysaccharides. secreted 
Proteins, and extracellular DNAs (Tremblay et al. 2013) 
‘Antoine Von Leeuwenhoek initially saw a particular species 
‘on his oven teeth in the 17th century. a discovery known asa 
biofilm Jamal eta. 2018), however the term "biofilm" was 
coined in 1978 by % Canadian scientist named “Bill 
Costerto." According 0 his definition, 1 biofilm is a 
heterogeneous structure made up of several populations of 
‘microorganisms encased in an extracellular matsix that 
allows bacteria to cling to ether an abiotic (such as rock, 
‘lass, or plastic) or biotic surface (skin, mucosa, or cuticle) 
(Berlanga and Guerrero 2016), 

‘The myth thatthe majority of bacteria on Eanh are capable 
‘of building bioilm is generally believed since microbes are 
‘bigutous and can be found everywhere and on every 
surlac. In contrast to the matix, which may make up more 
than 90% of the dry mass, microorganisms make up less than 
10s. In various conditions, between 40 and 80 percent of 


bacteria on earth are capable of forming biofilms (Flemming 
and Wuertz 2019). The extracellular matrix is primarily 
responsible for the resilience of bacterial biofilm, It has 
structural and functional roles im the production of vital 
nutrients, extracellular enzymes, cell communication, and 
defense against various hazardous substances such as 
antimicrobials and disinfectants (Gali etal. 2018). 

Bacteria develop biofilms 10 survive under certain 
‘environmental circumstances, Depending on — their 
composition, biofilms may be made up of a single 
hhomogencous species (monomicrobial biofilms) ora variety 
of heterogencouvdiverse species (polymicrobial biofilms) 
sometimes crossing several biological kingdoms. In 
particular, cross-kingdom polymicrobial biofilms have been 
how tobe more sistant to antimicrobial rap. In general. 
they can be conceptualized as porous, sot visenlasic 
‘material similar to hydrogels (Raghupath etal 2018), 


Reason of Biofilm Formation 


Bacteria develop biofilms in response to. caviconmental 
stresses such as insuficientvlow nutrients high temperatures, 

ch pH. high salt concentrations, high pressure, ultraviolet 
radiation, desiccation, and antimicrobials. In contrast to their 
planktonic cell life, microorganisms may thrive in 
oligotrophic environments with greater ease, have better 
aocess. 10 nutrients. are protected from biocides, have 
increased productivity and interactions with other organisms, 
tnd have more stable environments duc to the development 
‘of biofilms. Under certain situations, biofilms protect them 
and make them more adaptable tothe extemal environment 
(Galié eta. 2018), 


Biofilm Formation Process 


‘A conta belief of biofilm formation is that i is & dynamic 
process. It depends on how the bacterium cells substrates 
and nearby “environments interact (Hall-Stoodley and 
Stoodley 2002). Biofilm formation models depict it as a 
linear process, however, the events involved in its formation 
sre complex having multiple steps and being regulated by the 
intracellular and intercellular signaling systems. Free- 
‘loating bacterial cells initially connect reversibly tow surface 
‘wth the help of intermolecular forces and hydrophobicity 
followed by an irreversible attachment that is typically 
assisted by bacterial adhesive structures and close proximity 
interactions and finally the ereation of EPS (extracellular 
polymeric substances} that allow cells to ling firmly toa 
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Fig. 1: Step involved in boil formation 


‘medium’s surface. Eyentully, they become a structured 
entity contained within an EPS gnd. Lastly, bacteria can 
leak free from the developed biofilm and spread in the 
‘environment to inhabit fresh niches, So in between initiation 
fad termination of biofilm formation there are defined 
specific biofilm stages, but the currently available evidence 
Siggests that these transitions are miaily governed by 
adaptive responses, and not by specific genetic programs (Yu 
etal 2016) 
‘Thus, there are five different stages that play pivotal role in 
biofilm formation process 
[Reversible tachment 

Irreversible attachment 
Extracellular Polysaccharide (EPS) production 
Biofilm Maturation 
Detachment/Dispersal 
‘Through these stages, free-living planktonic bacteria 
transition into "biofilm" lifestyle hacer, Fig. | ilustrated 
the steps involved in the formation af biti, 


Reversible Attachment 


‘The preliminary step of biofilm formation is reversible 
attichment of bacteria to a substrate. It ccurs after an 
interaction wit the abictic or biotic substrate surface an ew 
bacterial cells under specific environmental conditions 
Bacterial cells migrated t substrate surface via chemotaxis, 
sedimentation, and Brownian motion (Palmer etal. 2007). 
Chemotaxis enables the enhanced interactions between 
hhacteria and surface by directing the movement of bacteria 
towards the nutrient source vi chemical signals (Vlado 
and Sourik 2009). Once the hactria interact with the surface, 
attachment of lcteria depends on the forces which ar either 


attractive or maybe repulsive. Bacteria will adhere to surfaces 
if appealing forces outweigh repelling forces, and vice versa 
(Camiello ct al 2018). The main forces behind the 
Preliminary altachment of bacteria and the surfaces are Van 
der Waals molecular interactions, electrostatic forces, and 
hydrophobic interactions (Dunne 2002). This attachment of 
bacteria is reversible and occurs wien acter adhere ta the 
surface of medium in a way that bacteria stay in a 2d 
Brownian motion. At this stage, bacteria can be detached 
fom the surtace either by their own motien or movement ot 
by the flow of any fluid or liquid over the surface of substrate 
(Li and Tang 2008) 

Any surfuce (biotic or abiotic) coming in the contact with 
bacteria ean act as a substrate for the bacterial attachment 
(Tuson and Weibel 2013). Bacterial tachment is majorly 
flected by hydrophobicity, roughness, and charge of surface. 
Ie is observed that hydrophobic surfaces tend ta have more 
bacterial colonies than hydrophilic surfaces. This may be due 
to ess repulsive forces on hydrophobic surfaces than 
hydrophilic surfaces (Yu etal. 2016). Roughness of substrate 
surface also plays major role im the bcteral attachment. 
‘The spaces and imegularities between substrate surface ean 
promote the bacterial attachment because of more sirfice 
area 1o which bacteria can adhere (Zhao etal. 2014). Thirdly, 
surface charge ean also alfect the adherence of bacteria to the 
surface of substratum. The significant quantity of amino 
carboxyl, and phosphate groups found in bacterium cells, 
‘contributes to the cells’ increased negative charge. That's 
‘why surfaces with postive charge promotes the adhesion of 
negatively charged bacterial cell (Dziubakiewicz etal. 2013) 


2. Irreversible Adhesion, 


‘The second step in biofilm formation is iereversible 
attachment or adhesion of bacterial ells to the substrate 
surface, This step is accomplished with the belp of shor 
range interactions namely 
+ Covalent bonding 

Hydrophobic interactions 
Ionic bonding 
Hydrogen bonding 
Dipole-dipole forces (Bos etal. 1999) 
‘The bueteal aurfce Is covered. with miny adhesive 
Projections that are projected away from the extracellalar 
‘environment. In biofilm formation, many bacterial adhering 
structures take part mainly; pili; flagella, fimbriae, and 
tdhesion initiated by non-fimbrial structures. The first 
physical contact of bacterial cells with the substrate surface 
is achieved using these adhesive structures (Berne etal 
2015), 
Irreversible attachment using flagella is one of the most 
‘common ways of forming biofilm in bacteria. lagela is a 
‘wip like filamentous thread plays a role in the locomotion 
ff bacterial cell. Flagellar movement can be of cither 
swarming (on solid surface) or swimming (in liquids). A wide 
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range of bacterial species shows both type of movement for 
the attachment on the surface of substrate (Hintsche etal 
2017). Fagella plays a major role in overcoming the 
‘repulsive forces that can obstruct the bacterial attachment and 
biofilm formation and initiates the initial adhesion of cells 
(Terashima etal. 2008), 

‘Another filamentous appendage wsed by bacteria for the 
attachment of cells with eal ther and initial adhesin is pil 
for fimbriae, Some haceria cin utilize a pili mediated 
‘movement known as twitching motility that can playa role in 
initial adhesion (Maldarelliet al. 2016). On their exterior 
some bacteria have type 1 fimbriae and type 3 fimbriae 
These fimbriae are very helpful for biofilm formation and 
adherence (Murphy et al. 2013) In addition, cul fibrin, 
‘which are thin and flexible aid in bacterial attachment i the 
‘onset (Carter eta. 2016), 


3+ EPS Production 


Third step in the biofilm formation is production of EPS 
(extracellular polysaccharide). Bacterial cells produce and 
secrete extracellular polysaccharide for biofilm formation 
EPS is a very important constitue of biofilm extracellular 
‘matrix. EPS regulates both adhesion of biofilms to substrate 
surface and cohesion of txctrial cells by using two main 
forces ie, lon bridging interaction and hydrophobic 
interaction. Bacteria produce EPS because of many reasons 
including: attachment to the surface of substrate, inea-cell 
recognition, formation of biofilm, structural constitute of 
biofilm, cel signaling, protection of cells from desiccation, 
‘rapping of nutrients, and for exchanging genetic information 
to other bacterial cells (Pahs et al. 2014). A secondary 
messenger known as ¢-di GMP functions as a stimulant 19 
feontrol the transition of acterial celle fom reversible 
attachment to pemianent adherence. The production and 
release of EPS nd other cell structures enable this change 
(Toyofuk et al. 2016) 

EPS produced by bacterial cello form biofilm is made up of 
polysaccharides, DNA. lipid protein, and ether compounds. 
‘The most important and prominent constitute of bacterial EPS 
is polysaccharide which plays mijor role im the maturation 
‘of hacteral biofilm and their growah (Bacosa etal. 2018), 

In Gram-negative bacteria, polysaccharide present in the EPS 
is ether neutral or polyanionic, Uronic acid present in the 
polysaccharide is considered to be the reason of this anionic 
‘ature. This nature of EPS clears the way for altachment of 
divalent cation molecules like elcium and magnesium which 
facilitates in the formation of biofilm, On the ether hand, 
Gram-positive bacteria produce EPS which is cationic in 
‘ature (M. Doalan 2042) . The extracellular mats (EPS) of 
gram-positive bacteria is made up of many different types of 
‘molecules, including proteins, DNA, enzymes, and_even 
structures like pls and fimbriae, DNA. present in the EPS acts 
as intracellular connector (Flemming etal. 2016) 
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4. Biofilm Maturation 


‘Changes in gene expression ae triggered during microcoloay 
formation and EPS accumulation, and the products of these 

ses are used to produce EPS, which acts as biological 
ue" between implanted bacterial cells (Karimi etal. 2018), 
‘The creation of the matrix is succeeded hy the production of 
water-filled channels that function as circulatory systems, 
transporting nutrient tothe cll communities and eliminating 
‘waste, According to a structural study, microcolonies have 
pyramid/mushroom-shaped multicellular structure (Garnett 
and Matthews 2013). During the maturation process 
robility within microcolonies is limited Because surface 
structure development in tucteva is inhibited. Additionally, 
dllferences between the gene expression palttns of sessile 
and planktonic cells ae striking (Hall Stoodley and Stoodley 
2002). Furthermore, QS allows bacteria of the same oF 
‘ferent species to communicate by secreting and detecting 
Als, Bacteria employ these signaling molecules to detect one 
‘nother presence and to control gene expression in response 
to variations in population density (Wei and Ma 2013). 


5+ Dispersal/Detachment 


Detachment of bacterial cell from biofilm is also called 
tlispersal of biofilm. Iti the final and terminal phase of 
biofilm formation, Bacteria detach from the already 
{developed biofilm to continue a new cycle of biofilm (Singh 
etal 2017), Bacterial ell dispersal from the adhered biofilm. 
surface is due to environmental factors under which bacteria 
form new micracolonies on another substrate surface. This 
final ep is rather complex because it is influenced by signal 
transduction pathways and environmental signals ad factors 
(Diaz-Salazar etal. 2017), 

‘The process of dispersal differs among different bacterial 
species but in general the whole process of detachment and 
dispersal can be classified into three steps i.e. cell, 
Uetachment, movement of cells towards a new substrate and 
bacterial cell adhesion 10 new substrate Detachment of 
bacterial cells can be either active (seeding) or passive 
(erosion oF sloughing). Seeding action is the detachment of 
hcterial cells from biofilm under the signals from 
‘environmental factors like nutrient deficiency, degradation 
fom enzymes, antimicrobial actions. The biolilm’s core is 
‘quickly evacuated by bacterial or planktonic cells during the 
seeding dissemination process, leaving a hollow interior. 
Passive detachment of cells i done under the action of 
‘external frce also known as shear forces, The rap dispersal 
‘of a larg portion of bacterial cells from biofilms is known as, 
sloughing, whereas the sudden dispersal ofa tiny portion of 
bacterial cells from biofilms is known as erosion (Lee and 
Yoon 2017) 

During the detachment press the genes responsible for EPS 
redaction, adhesion, and pili production are downgraded 
‘wile gnes responsible for cell motility and movement such 
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as production of flagella and EPS degradation are upgraded, 
[Environmental factors like temperature, pH change, nutrient 
deficiency and oxygen scarcity plays 8 major role in the 
dispersal of hactrial cells ffom biofilms. Environmental 
factors like limited supply of oxygen contributes in the 
degradation of c-di-GMP which facilitates in the dispersal of 
biofilm (Raghupathi et al 2018). Additionally, a 
physiochemical process also known as autolysis assists inthe 
biofilm dispersal (Lee and Yoon 2017). Fig. 2 highlights the 
ccmplete process of biofilm formation 


Impacts of Bacterial Biofilm 


‘There are many harmful effects of bacterial biofilm. Bacteria 
can form biofilm on any surface including biotic or abiotic 
surfaces (Hall-Stoodley and Stoodley 2002) . There are 10 
‘many impacts of bacterial biofilms like nosocomial ies, 
food spoilage, dental caries. ship hull fouling issues, 
spoilage of sca foods as well as industrial pipe-fouling 
‘(Khatoon eta. 2018), 


Public Health Hazards 


In hospital environment, bacteria can form biollm on every 
surface including medical equipment (prstheticheart valves, 
‘machines, pacemakers, lenses, and catheters. dead tissues 
and part of bones, and on living tssues (teeth and lungs 
surface) (Alay et al. 2018). 

In health care environment bath Gram-negative and Gram- 
positive bacteria are found attached with the surface of 
‘medical equipment and forma biofilm, but the most prominent 
‘hatera reported in the hospital environment forming biofilm 
are; Staphylococcus (S.) aureus, $. epidermidis, and 


‘oneal 


Pseudomonas (P.) aeruginosa. Out of taese bacteria, most of 
the infections caused hy the staphylococcal species (Hall- 
Stoodley and Stoodley 2002). P. aeruginasa is mostly found 
in the water system of heal care hospital (Loveday et al 
2014). Moreover, biofilm forming bacteria are’ main 
contributors of life-threatening diseases in the hospital 
‘environment like: Osteomyelitis, chronic wounds, infective 
‘endocarditis (IE) and eystc fibrosis (Masters etal. 2019). It 
is reported that biofilm produeing bacteria accounts for about 
(65% of all the icterial infection in hospital environment 
because they show high resistance against antibiotics and 
hast defense system (Ciafu and Tolker-Nielsen 2019), 


Impact on Food Industry 


“The existence of biofilm and bacteria in food industry and 
food processing units can have very consequential risks in 
food industry and for food (Galié et al. 2018), Food industry 
is highly afected by the biofilm forming bacteria, Biofilm 
producing hacer can be stached to any surface i the fxd 
industry including food surface. Approximately 60% of all 
the foodborne infections arises due to the bacteria producing 
biofilms (Han et al. 2017), In food industry. biofilm 
producing hacteria mainly come from the surrounding ar, 
contaminated equipment, and spoiled food surfaces 
(Coughlan etal 2016). The biofilms formed on food surface 
results inthe spoilage of food which isa very serious concern 
for consumers and can have economic and financial 
ceonsequences, The most common biollm forming agent 
Present in the food industry and on the surface of food is 
Listeria monocvtogenes which is found everywhere and can 
‘eae serious complications in dhe pregnant women and other 
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infections inthe immunocompromised patents. Aer that a 
‘major spoiler of food in food industry Salmonella spp. ca 
‘ase foadbame diseases and leads to Reiter’ syndrome or 
in severe cases lead to death (Galié et al. 2018). 

Many technical problems also occur due to the presence of 
biofilm in the food industry like prevention of hea! flow 
across the surface of equipment, increase in the resistance of 
fluid, increase in the rate of corrosion of surfaces, and lss of 
food production (Meesilp and Mesl 2019), 


There are many harmful effects of biofilm in the 
cnviranment, bat it has some benefits too, The benefits of 
biofilms are primarily seen in the agricultural, 
bioremediation, Wastewater treatment, corrosion protection. 
and other sectors (Singh eta 2019). 


Bioremediation 


In the process of bioremediation, living organisms, mostly 
‘hactera, interact with harmful and toxie substances in the 
environment to change them ino less dangerous forms (Van 
Dillewijn etal. 2009) In terms of cost and safety, itis a beter 
solution than traditional cleanup including various chemicals 
and physical removal of contaminants (Mangwani et al 
2015}. Furthermore, biolilm-mediated remediation 
“approaches are more elfcient in changing hazards wastes 
‘duc to greater pollutant bioavailability. to degrading 
‘organisms and enbanced adaptability of degrading bacteria to 
diverse toxic chemicals (Dos Santos et al. 2018) he process 
is generally a step of bacterial metabolis and depends on 
enzymatic assault by bacteria to transform environmental 
‘contaminants into harmless chemicals (Rodriguez-Martinez 
tal. 2006). Microbial bioremediation can occu atthe site of 
contaminatien (in sit) or elsewhere (ex situ) (Azubuike et al 
216), It may be accomplished by incorporating limited 
‘utriens and electrons (bio stimulation) or by introducing 
‘microorganisms into contaminated areas (bioaugmentation) 
te boost the transformation process (Rodriguez Martinez et al 
2006). Microorganisms residing in. biofilms have better 
tolerance to toxins, a higher bkelihond of survival and 
adapabiity. and stronger capacities to degrade varios 
pollutants through catabolic pathways than their phinktonic 
‘cnnerparts. Additionally biofilms provide an essential habitat 
for bacterial chemotais, adherence, metabolite dispersion, and 
intercellular gene transfer (Dos Santos eta. 2018). 

Numerous aerobic and anaerobic bacteria may thrive in 
biofilms daring remediation processes, and these bacteria 
frequently use the decomposition of pollutants as a source of 
energy. Bacteria may employ oxygen asthe ultimate electron 
facceptor during erobie degradation to convert harmful 
pollutants into benign products, mostly carbon dioxide and 
‘water. When pollutants are transformed! ito less harm cr 
innocuous byproducts in anacrobie settings, electron 
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acceptors like nitrate and sulphate, which function lke 
fxygen, may be necessary for the byproduct's survival 
(Azubuike et al. 2016), Pesticides, dyes, heavy metals, 
explosives, medicinal products, and chronic organic 
pollutants, includes compounds such as PAHs, PCBs, and 
PCEs” (polychlorinated biphenyls and polychlorinated 
cthenes) are all potential candidates for bacterial biofilm 
mediated cleaning (Edwards and Kjelleup 2013), 


2- Wastewater Treatment 


Water contamination is a significant concer worldwide as a 
result of industialization, population expansion, and 
urbanization (Daud et al. 2017). There are many different 
'ypes of organic nd inorganic pollutants found in wastewater, 
Which are brought on by industrial sewage. domestic and 
‘commercial sewage, storm water, and other sources. The 
Protection of aquatic environments depend om wastewater 
purification (Naidoo and Olaniran 2013). Electrochemical 
treatment, membrane filtering devices, and 
‘cnigulstion/locculation are all physicochemical wastewater 
treatment techniques (Favero etal. 2020). These processes are 
cllectve, bu they struggle to remove organic mater because 
filtering and sanitation are the two main clements of most 
water treatment systems (Hlihar et al. 2017). Biofilm-based 
wastewater treatment systems have made use of microbial 
‘communities to degrade and neutralize erganic and inorganic 
contaminants. To stop marine eutrophication which results in 
fnoxia extra nutrients in eluent must also be eliminated 
‘Typically, nitrogen and phosphate are the main nutrients in 
celiluent. As & consequence, denitrfying of phosphorous 
neutralizing bacteria are frequently used in wastewater 
purification (Yamashita and Yamamoto-Ikemoto 2014). 

‘The biologically active carbon (BAC) method, which is one 
of the biotechnologies used. to purify water, physically 
removes pathogenic bacteria, organic matter, and inorganic 
pollutants from water by using granular activated carbon 
(GAC) as a water firing medium (Shirey tal. 2012). To 
degrade organic carbon and other contaminants in the 
influent water, bacteria colonize and form biofilms on the 
rough porous surfaces of the GAC alter the media granules 
have heen deplcted. Some of the biofilm reactors being 
developed atthe moment for the remediation of wastewater 
include revolving contactors, fluidized beds, and membrane 
reactars (Simpson 2008). 


Regulatory Approaches of Biofilms 


Unlike planktonic bacteria, biofilms are not effectively 
climinated by normal cleansing. washing. and disinfction 
methods, however. the creation of biofilm may also be 
helpfal (Somers and Lee Wang 2004). Asa result, a variety 
‘of elements have been investigated to encourage the crestion 
ff beneficial biofilms. Bacterial biofilm matrix, quorum 
Sensing interference, and regulation of bacterial aitachment 
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‘Table 1: Regulating setegios of bacterial biflm and her mechanism (Chune and Tot 2014) 


Sieg 


‘Mchanin 


‘Preveaion and onaton af bases] atachneor 
Use of polythene glycol (anifouling surface) 
Use of ler (antimicrobial surtace) 

‘se of al thaanies and other smal ecules 
‘Use of cuties and plies 


‘Oxygen plasma on aon material 
‘ivogen plasma wit earbon anode 

Use of polythene membrane 

Prommiton and Control of ceria signal rant 
‘Quorum quenchers 

(Quorum sensing inhibition 

[Natural agents (Furano, ajoene Ee) 

Als and QS genes 

Increased expression of QS gone 

Dispersal of biti mix 

Targeting mas enzyme 

Use of Bacteriophages 

CADA (Cis? desensic aid) 


Rept acer eoating 
‘Bacteaa killing while in comac¢ with sutace 
‘Nan-athesive property 
Non-adhesve propeny 


Promotes hacterial adhesion and bacteria oils 
Enhance bacterial boil proction 
Enhance ntnfying bacteria forming biofilm 


‘Degradation of signal molecules using enzymes 
Inhibit sythesis of signals 

Deptae bail formation 

Encourage the fron of beneficial boil, 
Enhance EPS formation 


Degradation of EPS 
Deptadation of EPS 
Enhance biflm dispersal 


‘rhein tba 


are all closely linked (Chung and Tob 2014), 
strategies for avoiding. regulating, or encouraging bacterial 
biofilm development are enlisted in Table 1. Regulation 
pathway of biofilm formation by DGCSsis shown in Fig. 3 
Various diguanylateeyelases act both upstream and 
downstream in the signaling cascade that regulates biofilm 
formation. Broken lines connect the genes to theit gone 
products, 


Various 


Prevention and Control of Bacterial Attachment 


The best way to stop the production of biofilms in thei early 
sages isto inhibit cell attachment. As a result, redesigning 
the surface or covering the surface with compounds that 
inbit bacterial erence may limit the creation of bacteri 

biofilm (Chung and Toh 2014), There are two kinds of 
fanubiolilm surfaces ie, antlouling surfaces and 
antimicrobial surfaces. In contrast tothe latter, the former 
Frevents pathogens fom slicking to surfaces and prevents the 


Fig. 3: Regulation pathway of 
‘ofa fomnation by BGCSs. 


‘growth of microbes there (Xu etal. 2005). Antifoulants inthe 
form of nanoparticles of titanium oxide, graphite. arsenic 
rmereury oxide, silver, copper oxide, and zinc oxide have bees 
‘manufactured and employed successlully in coating agents 
and coutings (Kuang et al. 2018). Recently, the marine and 
healthcare industries have started to use polyethylene glycol 
(PEG) on a large scale as an antsfouling coating. PEG-coated 
surfaces have been discovered to inhibit hactesium adhesion 
due to their hydrophilic surface characteristics. Numerous 
bacterial species, such as S. aureus. S. epidermidis, P. 
aeruginosa, snd E. cali, may be rejected by PEG coverings 
(Zhang et al. 2017), Antibacterial surfaces are created for 
indwelling medical devices (like catheters and intubation 
tubes) that may be infiltrated by bacteria that form biofilms 
so that pathogens including S. aureus, E coli, and P. 
aeruginosa canbe combated by releasing antibiotics, 
huctericcins, mictal ions, plant extracts, or nanoparticles 
(Chung and Tob 2014), Silver enating may be used to prevent 
biofilm growth on medical device surfaces. Quiternary 
!ammoniam compounds (QACS) are also utilized in contact 
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Jilling surfaces functioning as antimicrobial agents. Unlike 
silver ions. which release antibisics slowly over time, the 
QACS enatings provide a durable comact-hased antibacterial 
action (Francolini etal. 2017). One drawback of contact 
[lling surfaces is that some bacteria can get resistant to them 
{Achinas et al. 2019). Aryl thodanines are uny substances 
that prevent bacteria from adhering a surfaces and may ston 
Graz postive diseases from forming biofilms i their eaely 
phases (Chung and Toh 2014). Furthermore, tiny synthetic 
Chemicals known as pillcides and curliides may disrupt 
huactril adherence by blocking the formation of bacterial pai 
and fimbriae. Honey and tea are natural items that may help 
hinder bacterial adhesion (Kuang et al. 2018). 


Promotion of Bacterial Attachment 


However, surface modification of material, including both 
physical and chemical-based alteration, or electrochemical 
‘oxidation treatment, may encourage the adhesion of 
beneficial microorganisms (Kang et al. 2014). Changes and 
‘management of surfice properties can promote bacterial 
Adherence and the production of useful biofilms for BESs and 
the yedst fermentation sector. Ithas heen shown tat nitrogen 
‘roxygen ionsinrease the hydrophilicity and surface ener 
‘of carbon-based materials, suchas graphite electrodes which 
in turn encourages bacterial adherence, the development of 
biofilms, and the production of loctricity in BESs 
‘Additionally, the application of nitrogen plasma tothe carbon 
‘anode may modify its surface roughness and hydrophobicity 
to encourage the growth of biofilms and increase the 
‘generation of power in MFCs, Additionally. UV/O3-treated 
carbon felt electrodes may promote Shewanella oneidensis 
MR-1 adhesion and biofilm growth, resulting in an inerease 
in electron transfer rate and a rise in the amount of current 
produced in MPCs (Berlowska et al. 2013). Ammonium is 
Converted to nitrate as a crucial step in the treatment of 
‘wastewater (nitrification). However the nitrifying organisms 
have relatively slow growth rates and do not produce robust 
biofilms. As a resul, efforts must be taken to keep these 
hitfiers in reactor systems. It has been claimed that the 
connection between adhering bacteria and the surface ofthe 
material determines biofilm strength and shear resistance 
(Lackner et al. 2009). To encourage nitrifying. bacteria 
attachment to'a membrane surface, a variety of techniques 
hhave been employed, Tt was found that nitrifying biofilms 
quickly formed on the PE membrane that had its surface 
allered with positively charged graft polymer chains. This 
‘membrane had a higher level of bacterial adhesion than the 
‘riginl, unmodified membrane. They used a combination of 
plasma polymerization and wel chemistry to add PEG strands 
‘with ewo different functional groups -PEG-NH2 and 
(CHB) to the membrane surfaces. They discovered that adding 
‘metboxy-PEG-amine (PEG-NED) to both a smooth PE 
surface and 2 rough PP surlace greatly accelerated the 
development of biofilms. Methoxy ~ PEG - amino amine's 
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group draws nitifiers like Nitrosomonas europea and 
‘Nurobacter winogvadski. facilitating the growah of biofilms 
(Lackner et al. 2000). Fig. 4 illustrated the schematic 
presentation of physiological functions of e-ul-GMP. 

High levels of ci-GMP however favours sesslity and 
stimulate synthesis of various EPS, suchas Pel (mediated by 
PelD) and alginate (mediated by Ales), 


Control of Bacterial Signal Transduction (Quorum 
Sensing) 


Bacterial QS is dependent on a variety of processes ineluding 
signal generation eilfsion, receptors, and recognition, as 
well as gene expression and signaling reaction, Besse of 
this, quorum quenchers (Qs) er quorum sensing inhibitors 
(Qin) tht thwart these procedures may be able to lower 
bacterial QS and eventually sop the development of boli 
(Rémy etal 2018), Healeare setings and medicine, swell 
as commercial membrane bioreactors, ageculural 
predoctin. and aquaculture, all depend the quorun- 
{quenching method. which uses quorum quencing enzymes 
to inactivate querum sensing signals, Dilerent kinds of 
animals have been found to contain. quorum-suppresing 
enzymes, including lactone, seylse, oxidoreductase, and 
aoxonase Aryl homoserine” lactone) molecules are 
fendered inactive by QOS, which is ther well-known mode 
fof action. Another method is the QSH N-octanoy-L-HSL. 
(C3-HSL}, which backs the production of signal molecules 
{like AHL), by inhibiting the enzymatic activity ofthe Lax 
operon prtcin- Among the natural QSls that ae known 10 
slop Iterial colonies are franone, sjcne, mating, 
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‘musaceae and curcumin (Fong et al. 2018). Additionally, 
‘using honey as natural preservative can stop the growth of 
biofilms by blocking the activity of genes ike AL? and LstA 
that are involved in futerial transmission when used in 
significant quantities, Additionally, more second mediator 

-GMP encourages the development of bacterial biofilms. To 
stop the growth of biofilms t may therefore be advantageous 
tw inhibit the c-li-GMP pathway (Sharahi et al. 2019) 


Promotion of Bacterial Signal Transduction 


However, genetically modifying Als ean promote the growth 
of advantageous biofilms, which are essential to produce 
‘wastewater treatment, bioremediation, and power generation 
For instance, by incorporating a specific typeof Als, the start- 
‘up time for & dual chtmber MEC was reduced from 10 dys 
to 4 days (Chen et al. 2017). The extreme halophile 
Halanacrobium boosts its biofilm mass on the MFC ance in 
response to an Al (100 mM quinolone), which improves 
power production and the effectiveness of high salinity 
‘wastewater teatment, Additionally, QS bacteria have the 
ability to degrade a wide range of pollutants, The QS genes 
Task snd rhil which assist in secelerating the breakdown of 
polyeyelic aromatic hydrocarbons, ean be upregulated in 
‘order to increase the development of maritime P. aeruginosa 
oP biofilms and EPS production (Mangwani etal. 2015). 


Disruption of Bacterial Biofilm Matrix 


t's crucial to liminate the EPS structural elements in ceder to 
disperse bacterial biofilms (Wei and Ma 2013). Therefore 
‘degradation ofthe EPS matrix may be a useful technique to 
frevent the formation of bacterial bilms. The enzymes 
‘which play a major role in EPS mutrix-degradtion 
like hydrolases, glycosides, restriction endonucleases, 
lspersin B, and proteases can promote the spread of pre 
existing biofilm populations while inbibiting the fermatin of 
hhacterial biofilms. The bacteria ae released as planktonic ells 
alter the bioflm matrix is enzymatically broken down, and 
these cells are quickly destroyed by phages, immune systems, 
antiucteral agents, and other disinfectants (Parrino etal 
2019). Both difusion and phage-derived enzymes can help 
‘hages enter the EPS matrix In terms of removing biofilms, an 
engineered Iytic phage yath a biofilm-degrading enzyme 
‘worked beter than a non-enzymatic equivalent (Simmons et 
al 2018). The capacity of phage SAP-26 o penetrate biofilm 
‘mats when coupled with the antibiotic rifampicin ll to the 
lsruption of biofilm strctures. In addition to successflly 
fusing biofilm dispersal, C2DA may also prevent the 
beginning of biofilm formation (Chung and Tos 2014), 


Conclusion 


‘The formation of bacterial biofilm is very organized and 
highly egulated process which isrelated tn ubiquitogs nature 


of bacteria in natural and manmade environment. The ability 
ff bacteria to colonize on surfaces and form biofilms are 
‘considered serious issues and is related 9 very disastrous 
feonsequences in many branches related to food, water. 
phurmacy, and healthcare. Various techniques and 
Sppraaches concering the interferences against bcterial 
altachment, QS and destruction of biofilm matrix have been 
developed to get rid of harmful biofilms. However, bacterial 
biofilms disupe the bio-environments beyond risk. Thee are 
humerous beneficial applications of bacterial biofilms 
Biofilmassocisted bacteria play pivotal roles in the 
transformation of health hazardous pollutants to harmless 
substances, the protection of plants against phytopathogens, 
the plant growth promoters, as well as the removal of excess 
nutrients fom wastewater 
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INTRODUCTION 


Foodl-borne plague or food-borne illness also termed a food 
poisoning is a result of the intake of food or drink 
contaminated with microbiological agents like bacteria 
ruses, parasites, and toxins, These pathogens act asa source 
‘of vulnerahle illness causing a substantial loss of ime and the 
treatment cost is also very high. According to the World 
Health Organization, a huge amount of people dies every year 
dic to diatheal "infections which occur because” of 
contaminated food intake (Borris § eta. 2007). Salmonella 
‘asa foodborne plague as prime importance in casing illness 
in human food (Pies etal 2011; Shah etal. 2011). Not oaly 
live animals, but also products of animal origin Le. meats, 
‘ees, milk, cheese, ready-to-eat products, and vegetables are 
the foremost carriers of Salmonella (Cellucei et al. 2010). In 
the ease of animals, Salmonella causes asymptomatic 
infections while in” bumans salmonellosis reslts in 
sstroentritis and systemic diseases (Su and Cu 2007). 


Etiology 


Salmonella is a Gram-negative, predominantly metile, non 
‘pore-forming. and focultaive anaerobic baci. Many 
species belonging to the genus Salmonella, the family 
Enterobacteriacess. Genus Salmonella is broadly divided 
into major species named enterica and bongeei which are 
further divided into subspecies. Salmonella (8) enterica has 
six subspecies (MeQuiston et al. 2008). This well-known 
genus of Salmonella salsa subdivided due tothe presence of 


special surface molecules, The surface molecules with 
tiplogical importance are O-antigen represented as O-Ag 
‘valle in lipopolysaccharide and the second one is H- 
antigen (H-Ag) found in the flagellar complex, flagellin 
Protein. IF we focus only on the serotypes of Salmonella, 
there are twenty-five hundred wilferent serotypes of this 
‘genus, All these serotypes of Salmonella can produce 
infections in humans, resulting in either morbidity or 
mortality in a large population (Grimont and Weill 2007) 
‘Tahle I shows different serotypes of Salmonella with respect 
to their hos 


‘Transmission 


Salmonella is a disaster i€ it is present in a population of 
humans of animals as it can be transmitted through both 
horizontal and vertical routes. In the case of vertical 
transmission, the Salmonella serotypes move from the parent 
to the infant (Sanabria et al. 2017), On the other hand, 
horizontal transmission is done by aerogens and is also 
transmitted through feco-oral route. Fomites, polluted 
ddinking water, contaminated food, and cages thit are not 
properly cleaned are the pronounced source of transmission 
(Yanestia et al. 2019) 

‘As a majee cause of foodbome infection, Salmonella is 
transmaited in humans through a extensive range of fox 
products including beef, pouty. and eggs as shown in Fig. 1 
(Bell etal, 2016: Ximenes etal. 2019). The pathogen transmits 
rot only through fod products, but also live birds in humans 
‘usmost people are unaware of this fact about the transmission 
‘of Salmonella (Behravesh etal. 2014), It resides in poulry 
his and is then transferred to other animals and humans 
resulting in a high rate of mortality (Suardana et al. 2014). 
Salmonella isnot only transferred through food products such 
tas meat and eggs but it is also. transmitted through 
‘contaminated water and contact with households. Salmonella 
‘uses severe abdominal pain, high temperature, vomiting, 
and diarthea in the host (Ximenes etal. 2019), 


Pathogenesis 


“The distal ileum and proximal colon become colonized with 
Salmonella alter consuming tinted food oF dink (Hosking 
20003; Léanermurk et al. 2015). Salmonellosis fas an 
infective dosage of 10° to 10" cells which is suicent to 
‘cause infection in the small intestinal mucosa (Xu et al 
2010). The target cells are enterocytes and it reaches thems 
itrough the process of chemotasis using its flagella After 
reaching the target cell it attaches to the human enterocytes 
using type I fimbriae, There are two types of fimbrige named 
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‘Table 1 Dlfesen serotypes of Saletan sc specitic hosts Raul al 1998, 


Na Subgioups of Seneca Specie bast PI 
T Fh Humans ‘Typaid Tver 

2 &S paranpht Humans Bitteemin & fever 

3 Stypnurie Humans, Bovine, Eyuin, Ovines, Chicken, Mice Fever dirbea 

4 S amerkieie Hunan, Chicken Mice Septcemia, eer, gastocneits 

5 S Dublin Bovines Swin, Ovines Sepucemia, ever, gastoeneiis abortion 
& | Sderby Birds, Swine Dia, Bacteaenin 

1 SS gallnerume Chicken Sepcemia,gastneners 

8 SS dbortowois Ovines ‘Septcemia,abertion 

° S abormsegu Equine ‘Abartion 

10S ehoteracuis ‘Swine ever Bacteruemia 


long polar Fimibrie (Lp!) and thin aggregative imbriae (afi. 
ln the ease ofS. np the atachment withthe host cells is 
done by using type LV pili (Wagner and Hensel 2011). Aler 
the attachment proces, it gets entry into the st cell through 
the process af phagocytosis by using its pathogenic chemicals 
ile, type Ill secretion systems (T3$Ss) This collection of 
pathogenic chemicals of Salmonella is called Salmonella 
pathogenicity islands (SPIs) (Wagner and Hensel 2011). Alter 
this, the cells of Salmonella are collected by macrophages, 
dendritic cells, and polymorphonuclear cells as they are 
resent in the interstitial space of lamina propria after the 
process of exocytosis. Then the Salmonella cells captured 
Into the host ellrent lymph in the mesenteric Iymph nodes 
(Fig. 2) to stp their entry into the bloodstream (Velge et al 
2012), When Sulmonella gets attached to the epithelial cells 
ff lamina propria, it produces inflammatory reactions and 
releases. pro-inflammatory cytokines. Acute inflammatory 
reactions brought on by pro-inflammatory cytokines resulted 
in diarrhea, ulceration, and the death of mucosal cells 
Mesenteric lym nodes, liver, and poem play vital roles in 
the ongoing infection of Salmonellosis (Baron eta. 1996). 
thas been examined that almost al subspecies of Salmonella 
praduce enterotoxin and eyotoxin, The compenition ofthese 
toxins resembled tht of the cholera toxins. These toxins are 
thet labile or heat stable and are related to diarrhea (Song et 
al 2013), The production of enterotoxins results inthe buildup 
‘of fluid inthe ligated murine ileal loop. "The damage caused 
by eytotosins includes inflammatory direhes, damage to the 
intestinal mucosa, and hinder protein synthesis (Hocking 
2003). The toxins produced by S-ssphi cause typhoid fever 
fand chronic infections (Chong et al. 2017). Another 
investigation shows that the virulence of both the mutant 
‘Salmonella ‘with toxin phenotype and wild-type Salmonella 
‘with toxin phenotype is almost similar (Nakano etal. 2012) 
‘The pathogenesis of Salmonella infections involves the 
antigen lipopolysaccharide (LPS). Al components of LPS 
play a erucial role in Salmonell’s pathogenesis, altuough O 
side chains’ length, structure, composition and_ surface 
Tovighness can have an impact on the pathogen's virulence, 
‘The pathogenicity is reduced when a whole length of chain is 
‘not produced, The resistance of Salmonella strains tothe lytic 
action of the complement cascade depends on the length of 
the chain, The trains with smonth surfaces ice a tle bit of 
resistance while on the other hand strains with a rough 


surface experience more resistance. Ths is due to the steric 
hater of Salmonella tothe complement cascades ability 10 
hind (Hocking 2003) 

‘The pathogenicity of Salmonella is enhanced bythe virulence 
plasmids and virulence genes. The virulence plasmid of 8. 
‘yphimarium. S. Dublin, and S. enteritidis cause systemic 
infection to the liver, spleen, and mesenteric Iymph nodes. 
‘The virulence plasmids ean be isolated from human or anim 
organs and blocd (Hocking 2003). 

‘The virulence factors of Salmonella are enlisted as flagella 
and flagellin, superoxide dismutase, and on acquisition 
stems. The invasiveness of flagella increases asthe matty 
increases and the inflammatory response has been shown by 
the fagelin. Superoxide dismutase of Salmonella affects 
host cells by inactivating the bactericidal reactive oxygen 
spocies. Another feature of the virulence of Salmonella is that 
it creates jon acquisition systems for the transfer of iron, 
‘magnesium, zinc, and potassium with low concentrations in 
the environment. Enterobuctin and salmochelin are two 
sderophores that Salmonella generates. To access the hosts 
scarce ion, these siderophores are essential, Salmonella also 
scquites a litle amount of magnesium through the Cora. 
MgtA, and Mg systems. For the uptake of zine and 
potassium, ZauABC and Trk systems are employed. Each of 
these ions is essential for Salmonella. survival and 
pathogenicity (barra eta. 2009), 


‘Treatment 


{In addition to lowering the deith rate linked to bacterial 
infections, antibiotics are essential inthe treatment of 
infectious disorders and hve significantly enhanced quality 
ff life. Antibiotics are selective against invasive germs 
‘which guarantees maximum eradication of the target 
microorganisms while causing the least possible harm to 
patients (Nami eta. 2015), 

‘Typically, antibiotics are not needed to teat NTS infections. 
Antibiotic therapy is used against the complications like 
‘meningitis and septicemia and the frequently used antibiotics 
sgainst these are ciprofloxacin, ceftriaxone, and ampicillin 
(Medalla etal. 2016). The antibiotics used against the life- 
threatening side effects of Salmonella specie are ceixime. 
chloramphenicol ‘amoxicillin, 
trimethoprimi/sulfamethoxazole (TMP-SMX), azithromycin 
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aztreonam and cefotaxime or ceftriaxone. These antibiotics 
fare specially used against the S.yphi and 8. paranyphito save 
the life of animals. Steroidal therapy is also preferred in 
conditions like coma, stupor, obtundation, shock, and 
eliium. The most common steroids used in these 
‘complicatims are dexamethasone and corticosteroids 
(Kumar and Kumar 2017), 


Innovations 


The use of antibiotics to teat salmonellosis. produces 
excellent results but to some extent, the excessive use of 
_anbiotics in patents can pcduce antibiotic resistance which 
isa global issue these day, So, the researchers develop and 
create different techniques and protocols to treat 
salmonellosis i, the use of yeast a8 a therapeutic agent 
agsinst Salmonella, Fr the confirmatory diagnosis, different 
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Fig. 1: Dferent ways for transmision 
of Salmonellons 
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fig. 2: Role of ferent ongons ia 
Salmonetia infection, 


biomarkers are now available in the market for instance 
oligonucleotides. 


1. Advancements in Diagnostics Techniques 


‘The microbiological culture techniques forthe confirmatory 
detection of Salmonella ate generally pelormed but these 
techniques stick with low sensitivity, intensive labor 
Fequirements, time-consuming, not cost-effective, lack 
trained professionals and the results require weeks to confirm 
presence and absence of Salmonella. The time-ctlicient 
methods of diagnosis have prime importance as it is 
necessary for the treatment of clinical complications and 19 
confirm the origin of that pathogen (Odumeru and Leéa- 
Velarde 2012: Zadernowska and Chajecka 2012: Almeida et 
a. 2013; Abmed etal, 2014). 
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2. Oligonucleotides as a Biomarker for the Detection 
of Salmonella 


‘The technique used for the detection of Salmonella is 
established on the chemically modified nucleic acids to 
target Salmonella, In this method, we use the universal 
nuclease activity of Salmonella as a biomarker. Foe the 
detection strategy, chemically modified oligonucleotides 
‘which are flanked at the S' end and at the ¥ end a 
fluorophore (FAM) and a quencher (TQ2) are used. FAM 
facts as a reporter molecule, the degradation of the 
‘ligonucleotide's probes through nuclease, and the FAM 
records the activity through fluorescence measurements 
(Hernandez etal 2014) (Fig. 3), 


3. Advancement in Treatment 


‘Salmonella species are inreasingly resistant to conventional 
antibiotics as well as complementary therapies (Crump et al 
2015). Salmonella and other dangerous bacterial species are 
‘hecoming increasingly resistant to antibioties fora variety of 
reasons, including the overuse of antibiotics due to easy 
‘access in some countries (Medal et al. 2016). Along with 
oor cleanliness habits, the use of antibiotics to protect crops 
and promote animal growth in animal husbandry has also 
‘cantrihuted to the overuse of antibiotics and resulting in the 
‘sein resistance (Nami etal. 2015: Sabeu etal. 2015; Medalla 
etal 2016), 


4, Use of yeast as a Prophylaxis 


‘The recent advances in the treatment of Salmonella is to 
luse yeast as a preventative agent against typhoid, 
pparatyphoid, and NTS (non-typhoid Salmonella). The yeast 
functioned as a probiotic and is strain S. blandit is most 
commonly used (Kelesidis and Pothoulakis 2012; 
Rajkowska and Kunicka-Styczynska 2012; Tomiie et al 
2016). It is also being discussed in many studies which 
Provide knowledge about the effectiveness of different 
species and strains of yeast (Palma et al. 2015). One of the 
promising benefits of using yeast asa probiotic is that they 
fare not targeted by the host cells as compared to the 
‘hacterial cell (Martins etal. 2009). The yeast funetioned as 
‘protective layer forthe intestinal mucosa and protected it 
from the damage caused by pathogens, allergies. and toxins 
(Gutman et al. 2009), Different studies revealed that S. 
Dowland performs its function by inhibiting the production 
of pro-inflammatory cytokines (IL-8), and the activation of 
MAP kinases stops for example Erk 1/2 and INKISAPK. 
‘The preservation and protection of tight junctions were 
attahuted to the §. Bowland ant-inflammatory factor 
(SAIF). It also. generates proteases, which degrade the 
toxins created by pathogenic bacteria (Pothoulakis et a 
2009), 


Control 


Salmonellosis isa foodborne ailment, so all the factors that 
‘contribute to ts spread are related to food aad food products 
ones 2011), Salmonella can hide i a variety of foods, but 
there are a lot of ways that help to ensure that the bacteria 
stay away (Fig 4): 

© Don't cat raw or barely cooked eggs or meat 
Uncooked food serves as one of the major factors in the 
transmission of Salmonellosis. Properly cooked food 
decreases the chances of spreading the infection (Wegener et 
al. 2003). 

‘© Pasteurization has brought a revolution in the entire 
food industry and at the same time, it has resulted in a 
significant decrease in foodborne disease spread (Barrow 
1903), Its most important aim is to kill pathogens within 
Perishable food items. So, avoid using unpasteurized food 
ems (Majala et al. 2005). 

© Avoid splashes from raw meat onto other surfaces 
while washing. These splashes transfer gems onto other 
food, lke lettuce, that wil not be cooked to kil germs before 
cating (DeBusser eta. 2013), 

© Wash raw fruits and vegetables well, and peel them 
if possible (Chambers and Gong 2011). Washing fruits and 
‘vegetables tend to decrease the potential transfer of harmfl 
_germs such as Salmonella, Wash the vegctables thoroughly 
under fresh running water (Teller eta. 2012) 

© Refrigerate food properly before cooking and after 
serving it Refrigeration slows down the growth of many 
pathogens (Keutsoumanis etal. 2019). Salmonella requires a 
suitable temperature. moisture, and pH for ther growth and a 
refrigerator seizes them to make the food pathogen-free 
(Revelledo etal. 2006) 

© Wash your hands well with soup and warm water 
before and after handling food (Goldbach and Allan 2006) 
Washing hands ensure the elimination of all types of 
pathogens and thus ensures quality health (Sundstm etal 
2014), 

© Keep kitchen surfaces clean before preparing food 
fn these surfaces. Don't mix cooked food with raw food. 
Don't use the same utensils to prepare them (Hopp et al. 
1909) ic, don’t use the same knife to cut raw chicken and 
thea to slice mushrooms and use different plates oF cutting 
boards to slice them on (Gavin etal, 2018) 

© Cook meat to its correct minimum temperature. The 
‘minimum temperature which is required to cook the foed and 
‘liminate all the pathogens should be atained to ensure is 
purity. As far as Salmonella is concerned, itis massively 
spread by the consumption of undercooked food. Use a food 
thermometer to be sure (Vanderwal 1979). 

© Wash your hands with soap and water after touching 
animals, their toys, and bedding (Mead and Barrow 1990) 
Avoid eating food in an area where animals are present 
Minimize contact with animals having diarrhea (Vico and 
Jaime 2011), 
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Fig 4: Four things shouldbe kept in ind while controling Salmonella: cook meat properly, sepaie the aw an cooked fd, refigenate 
‘he foc 1 slow dow the predation of bactevia, Keep the envizaumeat clean and ake cre af peesonl hygiene 
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Conclusion 


The rte of mortality and morbidity due tothe human enteric 
pathogen Salmonella is of high magnitude even in the 
presence of antibiotic drugs. Due to the excessive use of 
ntbiotics, resistance has developed in animals, so we must 
derive a way to got rd of antibiotics. According tothe data 
fof research it is estimated that about 2.8 billion Salmonella 
associated. diartheas are reported annually. The major 
problem is the lack of system through which the by- 
product of animal origin can be secured from Salmonella for 
the healthy consumption of humans, Due to antibiotic 
resistance in animale and humans, yeast is used as a 
complementary therapy for salmonellosis. Precautions 
shouldbe taken while using meat, eggs, drinking water, and 
hhouschold objects to avoid contact with pathogens. In the 
cantrol of infections caused by Salmonella in both humans 
‘and animals, the surveillance ofthe pathogen is a mandatory 
step. 
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INTRODUCTION 


Brucellosis is one of the most cardinal infectious and 
‘onotic disease in developing countries all over the world 
that hampers livestock production and human vigour (Franc 
ct al 2018; Dadar et al. 2020). In humans, brucellosis is 
known as Gibraltar fever, Undulant fever, Maltese fever. 
Goat fever, Crimean fever, remitting fever, and 
‘Mediterranean fever, while in cattle and hulfaloes itis called 
Bhang's disease (or contagious abortion) (Rosset etal 
2017 Khurana et al. 2021). Various brucella strains are 
responsible for this disease. Brucella is a genus of gram- 
‘negative bacteria named after Sir David Bruce (Seleem ta. 
2008), Brucella has a tendency to adapt to new hosts. It 
Causes supplementary severe complications inhumane 
Fbecause they are a dead-end host fortis pathogen (Moreno 
2014), Almost $0,000 expositions of disease transmission 
jeom animals were investigated in humans around the word 
cach year (Pappas etal. 2006). Brucellosis in bovines was 

Aeclared in Zimbabwe (Africa) in 1906 (Kiros etal 
2016). Brucellosis in catle and buffaloes was eradicated in 
ireland (1980) (Khurana et al. 2021), Its stil present in India 
dae to its lack of awareness (Machavarapu etal. 2019). In 
(China, the ubiquity of hovine brucellosis was L9% (Khurana, 
etal. 2021), 6.3% of RBPT (Rose Bengal plate test) samples 
Sand 18.6% of herds are positive for hovine brucellosis in 
Pakistan (Ali et al. 2017). If proper control measures and 
‘vaccines are not adopted, then the ubiquity of disease will he 


higher because of a poor immune system (Ali et al. 2014: 
Domeles et al, 2015). Only the Brucella vaccine cannot 
craicate this disease. Along with the vaccine, undeniable 
reventive measures shouldbe practiced (Seleem etl. 2010: 
‘Avalt-Ndukum et al. 2018). Successful contral procedures 
Should be adopted to control brucellosis such as culling 
Culling prevents disease transmission and inspection 
(Rahman etal 2011; Durrani etal. 2020). Certain countries 
have restricted brucellosis by adopting conirol measures such 
as valid diagnostic appliances, smooth live immunization, 
‘and mas vaccination of huge populations (Moreno 2014), 
However, the limination program is very costly, but 
‘Americans consume $1 on this program and save S7. Inthe 
USA, the elimination program's cost was 83. billion in 1934- 
1997 but in 1952, the price of abortion and decreased mill 
yield was about $600 million. The prevalence of bracellasis 
in humans varies between 103 and 160 per milion people 
| America, S60 milion loss is ecomded dc to brucellosis 
(Acha and Szyfres 2003: Pappas etal. 2006; Sriranganathan 
ct al. 2009), in Pakistan, losses due to brucellosis, dairy 
‘atthe were estimated at $3.4 bilion and in Indi it was $58.8 
million due to effective surveillance programs Jamil eta. 
2021), Around the world, economic losses effect the animal 
productivity and public health (Acha and Szyires 2003 
Pappas tal 2006 Sriranganathan eta 2009). 


Brucella Organisms 


Brucella species are pathogenic. facultative, non-motile, 
sram-negative coccobacillus, having a size of 0.6-1.S ym 
length, 0.5-0.7 ym diameter that belongs tothe menage of 
Brucellaceae (Moreno 2014). The menage Brucellaceae 
consist of Brucella and 6 other genera (Leclereq eal 2020). 
Recently. 12 species of Brucella have been identified 
(Whatmore etal 2016). B. abortus, B. suis, B. melitensis, B 
‘unis, B. neotomae and & ovis are pathogenic Brucella 
‘species that affect cate, pigs, goats, and sheep. as well as 
dogs, small rodents, desert rats, and rams, respectively. B. 
‘abarius, B. melitensis, and B. sus affet humans (De Bolle et 
al 2015). These Brucella species affect wild and domestic 
‘animals Lindahl etal 2014: Wareth et al. 2014). In marine 
‘animals, 2 more species are reported: B. inopinata (isolated 
from humans) and. papionis (isolated from baboons) 
(Olsen and Palmer 2014; Whatmore etal. 2014), 

From frogs, 36 brocella species ae isolated. Brucella also has 
biovars, 7 for B-abortus, for B suis, and for B. melitensis 
The remining species have not been classified into biovars 
yet. Brucella belongs to the Proteobacteria phylum. Its gram 
‘negative, nitrate reductase and have partial acid fat, urease 
‘an catalase activity. This organism fas the ability to survive 
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in freezing conditions. Ithas high sensitivity to most common 
disinfectants. It ean survive in cool and moist environment. 
Pasteurization can kill bacteria, So, pasteurization of milk is 
necessary for the prevention of bacteria These organisms are 
‘non-motile and donot have any genes for flagella (Olsen and 
Palmer 2014; Scholz et al. 2016). The nomenclature of 
‘Brucella spp. s based on the principal host species (Khurana 
etal. 2021) Entire brucella species have same genome alas 
and magnitude (Seiranganathan etal. 2009), The genome size 
‘of hrucella i 3.29MB, which is divided into 2 chromosomes. 
Chromosome [has a genome size of 2.11 Mb and a GHC 
placid of 37.2%, while chromosome Il has an genome size of 
LIS Mb and a G4C placid of 37.3%. An allele sequence 
SKN of & abortus was withdrawn from cattle’s placenta 
in India, which is very helpful for comparative genetic data 
analysis, In some species, some virulence genes are absent 
(plasmids, pli, capsules) (Chauhan ct al. 2016) 
‘Sankarasubramanian et al. (2017) explained that B. abornes 
has 143 vintage-specific single nucleotide polymorphisms 
(SNPs) in 311 alleles. OF these, 141 are significant SNP. 
While in &. melitensis, from 132 alleles, there are 383 
vintage-specific single ‘nucleotide polymorphisms and of 
these, 379 ae significant SNPs. These SNPS can bias host 
adaptation. Brucella outer membrane is related to gram- 
‘negative bacteria, It has and M LPS surface antigens. la 
‘Beaborus and B. suis, A dander isthe main antigen, while 
in A. melitensis, M is the main dander. LPS is the main 
virulence factor in hrucells. For diagnostic tests, outer 
‘membrane amino acids (proteins) are very. important 
(Klnurana etal 202). 


Significance in Livestock 


Brucellosis is still neglected in many areas, which causes 
serious health problems and effects the economy of livestock 
{Santos ct al, 2013: Singh ct al, 2015). In livestock, Brucella 
causes abortion and inferily (in both sexes). which is the 
‘major reason for economic loss (Sulima and Venkataraman 
2010; Deka et al. 2018: Frane et al. 2018). Abortions, 
‘decreased milk production, obstacles in animal transport snd 
‘marketing, decreased productive capacity. increased 
veterinary drug costs, control program expenses, missed 
reproductive cycles, and low market price are all major 
economic losses (Georgios et a. 2005; Blasco and Moline 
Flores 201; Dadar eta 2020) I abortion occurs in the cow 
‘nce in its life, then the infection remains asymptomatic in 
that animal throughout its life (Godlroid et al. 2010). The 
Brucellosis threat is increased duc to animals’ mixed farming 
(cows, buffaloes, sheep. and goats) (El-Wahab etal 2019), 

Pakistan i an Asian country in which agriculture plays very 
‘ital role in the economy. In agriculture, the livestock sector 
plays a very important role. According to the economic 
Survey of Pakistan in 2019, Pakistan has 90.8 malion large 
ruminants, 109.4 million small ruminants, and 1.1 million 
‘camel population. The contribution of livestock to the 
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‘ational GDP is 11.7 percent, and in agriculture it is 60.6 
percent (2019-2020). In Pakistan, a major popaltion of large 
‘uminants is allocated around the areas of Punjab and Sind, 
‘while a majordstibution of sheep and geass found in AIK, 
Baluchistan, KPK, and Gilgit Balistn. Pakistan ranked 4 
in mile production in 2019 and its mill. production is 61.7 
‘milion tonnes (Jamil et al. 2021), Nowadays, the cost of 
‘medication has decreased due to. safety practices, 
Unintentional, exposure of mill to B, aborais causes major 
‘economic losses and increases the human brucellosis threat 
(Singh etal 2015). In Pakistan, exotic cate, buffaloes, and 
crossbred cattle have higher brucellosis acceptance. Sahiwal 
‘cov have more resistance to rucelloss, Males have a lower 
‘occurrence of brucellosis than females Jamil et al, 2021). 
Punjab hs the largest rman and animal popalation. Rivers 
and the monsoon season (ain) provide excelent agricultural 
Yield opportunites (uly, August, and September). Due to 
{traditional and hest farming methods and the best veterinary 
diagnosis and inspection system, weather remains extreme 
from extreme winter (37°C) to extreme summer (46-54 °C. 
‘A high aumber of cases of rucelloss ave been reported in 
Punjab. Brucellosis cases are highly variable and their 
variability depends upon diagnostic tests, environmental 
conditions, animal type and farming techniques (0-694 in 
bbovines, 44-20% in equines, and 7-35 in sheep and goats). 
High brucellosis prevalence occurs in confined farming 
systems (Jamil et a. 2021). Khan et al. (2021) conducted an 
experiment with 300 calle from Punjab (Sargodha, Sahival 
and. Chinio). They take their blood samples for serum 
analysis through different tests (RBPT, iELISA, RT-PCR). 
The result indicates that 12.7% of cate are seropositive. Al 
PT-PCR-tested samples are positive for Brucella infection. 
Sindh ranks second in tems of human and animal (livestock) 
population and third in terms of area. In Sind, Bracellosis 
‘ates are usually seen in large ruminants and camels but not 
‘seen in snall ruminants. Pathogen levels in camels range 
from 12-82-48, while in catle they range from 17-25% 
Khyber Pakhtunkhwa comes in 3 place in livestock and 
‘human's population, In this province. bovines are found in 
larger numbers than small ruminants, but brucellosis is seen 
inboth ofthese ic., 0-136 in cattle and 3.2-16.7 % in small 
ruminants. Balochistan has the least population and the 
largest area of any province in Pakistan. In Balochistan small 
ruminant cases are more commonly reported than large 
ruminant cases. Seroprevalence in hovines is 03-666, while 
in small ruminants it is 2-2.7%. In Islamabad, brucellosis 
cases have been reported in large ruminants (1.6-8.36) and 
small ruminants (22-13). In Gilgit-Baltistan, brucellosis is 
reported in wild animals and in eile (10.9%). In Azad Jamu 
and Kashmir, brucellosis is usually reported in goats at 
133%. Almost 17 field types of B. aborus have been 
reported from bovines (Punjab) and one isolate of B. 
‘melitensis fom goats (KPK). Confirmation of B. melitensis 
‘nas been done by polymerase chain reaction (real-time PCR). 
Moreover, detection af B. abortus has been done by real-time 
PCR in canines, camels, small ruminants, and horses. 
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Lipopolysaccharide (LPS) antibodies of brucella have not 
‘been detected by any polymerase chain reaction, Brucellosis 
is also transmitted in animals genetically. According to one 
theory. am allele arampl) can decrease the occurrence of 
‘brucellosis in cows (sahiwal). On farms, the occurrence of 
‘nrucellass in females is more due to increasing A.1 practices: 
The risk of brucellosis increases with age in situations such 
as foetal membrane retention, abortion, herd size, 
cavironment, management and the introduction of carrier 
animals into the hend (Ali etal 2014; Jamil etal 2021), 


Zoonotic Importance 


‘ownotic diseases are those diseases that can be transferred 
from animals (vertebrate) to humans and brucellosis is 
considered as a zoonotic infection (Rahman eta 2020). In 
central Asia and Middle East, brucellosis inhuman is 
increasing day by day (Khurana et al. 2021). Human 
Inruelloss occurs mostly in those areas where this disease is 
«endemic. or humans come back from endemic areas (Hull and 
‘Schumaker 2018). Brucella can spread by dict and indirect 
contact to another susceptible host (Moreno 2014). Uterus 
(brucella vitiated animal), aborted fetus, infected bulla, 
Uterine discharge, placental membranes and contaminated 
feed or water are the main sources of dissemination (Acka 
and Szylres 2001; Addis 2015; Dadar etal 2020). Due to 
rose-species dissemination, its host range is very vast 
(Horizontal dissemination) (Moreno 2014). Through milk 
and milk products (butler, ice-cream, cheese, whey and 
Yyosurt) B. aborts can easily be transmitted in humans 
(Dhunashekar et al. 2012). Abattoir workers, veterinarians, 
‘meat inspectors farmers, butchers, animal Keeper, and lab 
"workers have greater chances to get exposed by the infection, 
Mostly those countries are at risk where pasteurization is not 
‘wed properly and hygienic practices of animal husbacdry is 
very low (Addis 3015). Due to absence of proper 
administration, poor hygiene. deficient of sanitation, 
intensive farming and poor political will, brucellosis spread 
‘is very high (Pal etal. 2017). LP accidenta utilization of live 
‘vaccines such as Struin 9 of 2. aborms and Rev.lof B. 
‘melitensis occur, then it can cause infections in humans 
(Addis 2015). 8. melitensis is considered 10 be highly 
cademic globally due to its re-emergence (Gwida etal, 2010), 
Its zonnotic importance increases dae to increase global 
dealings of animal products, enlarge international tours rapid 
deforestation, urbanization, migrating animal husbandry and 
‘nendarable” development (Bayeleyegn 2007). Firm, 
surveillance and restriction initiatives of milk pasteurization 
fand daicy by-products could deplete the contingency of 
brucellosis in humans (Moreno 2014; Mailles et al. 2016; 
Dadar etal. 2020). Signs of human brucellosis are depression 
cls undulant fever, night sweats, nervousness constipation, 
‘weight loss, joint pain, lack of appetite, myalgia, insomnia, 
loss of weight inflammation of reproductive organs and some 
other body parts (epididymis, brain spinal cord, vertebra, 
testes, bones and prostate gland) and sexual impotence (Aca 
and Szyfres 2003; Kochar etal. 2007: Mantur and Amarnath 


2008: Kiros et al 2016). Brucella affects all age group of 
‘humans and if brucellosis snot detected atthe proper time, i 
‘an become chronic in nature (Adds 2015), 


Pathogenesis 


‘The main pathogenic factors in brucellosis are guanine 
monophosphate, ipopolysaccharide, adenine monophosphate, 
42-KDa protein and urease. Brucella genetic material is 
lacking certain pathogenic genes that ure encoded for 
capsules, plasmids, exotoxins and pil (Seleem etal. 2008). 
Their modes of transmission are wounds, feed intake, 
inhalation, and eyelid. After entering the host body, 2 
fabortus starts mulpliation in phagocytic cel 
(nacrophagic and dendritic cells). When a female becomes 
fregnant, the B. aboras, through circulation, enters the 
bnlattocytic cells and mammary glands. Ir enters the placenta 
by blood (Moreno 2014: de Figueiredo et al. 2015) and 
transfers to the fetus, Allantoic fluid increases the growth of 
Inacteria: thus, it makes the reproductive ste asa predilection 
site, the erytritol levels increases from the $® month of 
‘pregnancy. it may cause abortion. After ulcer formation and 
feakage ‘of cells in the chori-allantoic membrane, 
enythrophagocytic trophoblasts ure found in the placentome, 
Damage in placentome, due to hacteria and stess, causes 
abortion (Khurana etal 2021). Fig. illustrate the 
pathogenesis of brucellosis (Acha and Szyfres 2001; Net et 
al 2010; Poster et al. 2013: Roset etal. 2014; Kiros etal 
2616: Khan ct al. 2021: Khurana et al. 2021). Except in 
‘pregnant animals, this bacteria spreads in the environment 
through secretions and metabolic wastes. Prom ane study it 
‘vas analyzed that changes are seen in adenosine deaminase 
fursuit and the oxidative stress levels in serologically 
positive brucellosis cows in Brazil, Adenosine deaminase and 
Catalase activity are decreased, whereas oxidative tess 
levels ae increased in B aborns animals. Ax bewcella species 
are intracellular pathogens, they can live within neutophils 
fand-monocytes. (phagocytic cells) hy different escape 
‘mechanisms and changes into acute, chronic and carrier 
forms (Klnurana eta. 2021, 


Clinical Signs 


Clinical signs due to B. aborts include retention of fetal 
‘membranes, abortion (30-80% in vulnerable animals), bith 
‘of weak young ones, inflammation ofthe uerus, low feat 
fibrinous pleuriis, chronic mast. interstial paeumonia, 
swelling of joins. edema in inter-cotyledonary placenta, 
leathery texture placenta and necrosis of cotyledons (Neta et 
al 2010; Kiros etal. 2016), It mostly infects the repreiucive 
system. Calves can show signs of infection at a mature age i 
infected with & abortus. B- aborts incubation period varies 
froma few weeks to months (Kiros etal. 2016; Abdisa 2018). 
In male animals, abortus causes inflammation ofthe testes 
(ercitis), necrosis of the testis, inflammation of the 
epididymis (epididymitis), hygroma (in chronic cases), 
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cervical bursts, seminal vesiulitis and smaller tests than 
‘hormal. Soft lesions containing thin and watery purulent 
‘exudate may soften the testis a mes (Kiros etal. 2016: de 
Macedo etal. 2019), 


Clinical Pathology 


In lymphatic tissues and organs, small areas of inflammation 
fare seen that are called granulomsis. Inthe general stage of 
infection, pathogen is localized in tissues persistently. 
In the cases of abortion (female) and infertility (male), 
Brucella is seen in the reproductive tacts (Enright 1990: 
‘Acha and Szyfres 2001; Neta et al. 2010), An encroached 
bovine wlerus with necrotic placentitis causes the fetus to di, 
and then ahortion occurs [Fabortion doesnot occur, then this 
‘kind of uierus and placenta lad tothe birth of the infected 
calf, The cotyledans are swollen and enveloped by a 
yellowish or tenacious brown ooze. The inter-cotyledomary 
regions are condensed, cloudy and leathry, from which 
‘ring of reddish fluid occurs. Prom a miscarried fetus, the 
body cavity is enlarged due to fluid accumulation and 
canlargement of organs (liver, spleen). From 4 months to a 
‘year, the fetus may be hairless (Khurana etal 2021) In the 
Tung, pneumonitis i seen, Somictimes, ibrinows granulation 
and congestion may also occur. In several cases, infiltration 


‘of bronchioles, perialveolar tissue and peribronchial tissues 
is noted. Cobblestone bruises on the lungs are the min 
characteristic sign of brucellosis. In the mammary glands, 
‘macrophages accumulate inthe interstitial spaces 
{Stableforth and Galloway 1959; Neta eta. 2010, 


Bacterial Cell Cycle and Chromosomal Replication 


Brucella growth is asymmetric and starts from one pole of 
the division ste, ur its lateral replication cannot be seen 
yet (Brown et al. 2012). The asymmetric replication of 
hhacteria in intra-cellular nuclei is not properly seen but 
‘unipolar replication can seen by Texas Red Succinimidy 
ester (TRSE). The amines on the bacterial surface are 
covalently bound by TRSE and this label is stationary 
That's why replication (growth) is seen by increasing 
fragments of the cell body (unlabelled) (Khurana et al 
2021). Fluorescent d-AA (amino acid) can form spots on 
the growing region of peptidoglycan. Until now. it has not 
‘heen applied to B, abortus. Polar growth of aborts is 
associated with the polar system's location, This system 
produces Cgs (cyelic-beta-1, 2-glucan), which has 17 1025 
slucose remnants (cyclic polymer) that are essential for 
pathogenicity and as an osmotic shock resistant. This 
polymer Ces also disrupts the cholesterol-rich plasma 
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‘membrane domains of the host cell, Afterward, this 
polymer (Cas) is transported (Cet) into periplasmic space 
(Bundle etal. 1988; Arellano-Reynoso etal. 2005; Roset et 
al. 2014: Guidolin et al, 2015: Kuru et al 2015). Inthe non- 
polar growab of bacteria, Cgs diffuses into the periplasm by 
‘Cem. This complex (Cas-Cet) shows that other periplasmic 
complexes are also manufactured at the pole. In fact, 
Feptdoglyean synthesis mechanisms and LPS export 
processes can be started at the division site's growth pole 
{De Bole et al, 2015), Because of its growth and division 
‘outside the host GI bacteria have a high chance of host cell 
entry. After entering the host cells these bacteria remain in 
tendosomes, In endosomes, these hacteria remain in the Gl 
phase for many hours (depending on the host cell type). 
During this time, they do not grow and replicte. After the 
‘heginning of DNA replication, bacteria convert into their 
SBCV (replicative phase). This stage (replicative stage) is 
found in Endoplasmic reticulum. They’ restart the expansion 
and reproduction of chromosome No. 1 (ch-1). Then eBCV 
converts into FBCV. For this conversion, Vir B is required 
Vir Bb production is influenced by the circumstances that 
‘ccurin eBCY (acidic pH, starvation). as shown in Fig. 2(De 
Bolle etal. 2015), 

Babortushas two chromosomes, Chel and Chel, However, 
the magnitudes and numbers of chromosomes difer between 
Brucella species. Chromosome 1 (chr. 1) 1s long @ MB), 
discoid, and the place where its replication starts is detected 
Sth from daaA gene (genes that are made up of DNA}, 
‘nea o the parAB operon which scaled ol, Chromosome 
UU (ehr. I) smaller than chromosome I(1_2 MB). Is called 
a chromid (De Bolle etal. 2015). Both chromosomes have 
similar G4C content, but their duplication and division 
‘racesses are diferent from each other. Chromosome I has 
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Fig, 2: lmtegation of Bruel's cell 
cyl with intracellular piracy 


‘genes that code fora network called the RepABC system. In 
RepABC system, Rep initiates the DNA replication, but the 
ther two (Rep A and Rep B) isolate the duplicated 
synchronization origin of oril (ch. 11) that is thought 10 be 
Flaced inside the genes of repABC system (Pinto etal. 2012) 
While &. suis has two fused chromosomes, and when a cel 
divides from B, abortus. t gives rise to two daughter cel 
{De Bolle etal 2015) This process occurs in 210 minutes in 
4 fich medium). This division oceurs in Gophase (175 
‘minutes after the initiation of this separation), whereas 
‘chromosome replication starts ia S-phase (175 minutes alter 
the initiation of this separation). Orill replication “and 
segregation starts after 105 minutes of this division. And 
‘constriction begins 35 minutes prior to this division. ‘These 
types of bacteria (constricting) are called pre-ivisional 
‘hacteria, as shown in Fig. 3 (Halle etal. 2007). 


Diagnosis 


For diagnosis of Brucellosis epidemiological patterns and 
history plays a very important role, There are different 
‘methods for diagnosis of brucellosis as illustrated in Fig. 4 
(Lucero etal. 2003; O'Leary etal. 2006; Glynn and Lynn 
2008 OLE 2009; Garo et al, 2010; Alita. 2014: Duran 
tal. 2015; Arifet al. 2018; Khurana et al. 2021) 

For isolation, bacteria can be collected from the uterus, ilk, 
aborted fetus, iliac and supra-mammary lymph nodes, and 
‘spleea. Other body pars, such asthe eyes, bones, brain, and 
joints ean also become infected. In male animals. bacteria 
‘an be obtained from genital organs and lymph nodes. Inthe 
cute phase of brucellosis, bacteria can be obtained fromthe 
semen as well, In the chronic phase, the bacteria level 


ific Publishers 


decreases in excretion. The mea that are wsed for brucell 
are TSA (uypticase-soy1 agar) and Columbia agar. B. 
‘abortus needs COs and sera for development. polymerase 
chain reaction assay (PCR) is a fast diagnostic procedure 
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Fig. 3: Cell ejele of B.aboras 


Fig. 4: Methods of diagnosis of 
tracelloss 

PCR=Polymerase chain reactio, 
RBPT =Rose Bengal Plte Test 
SAT=Studaid Plate Aggluination 
Test, CFT= Complement Futon 
Te ELISA= Enzyme-inked 
inumnosorbent assy, LPT= Lateral 
Flow Asay 


(Ktourana et al 
diagnosis of biovars, analysis of treatment potency. and 


2021), This procedure is also useful for 


relapsing brucellosis (Christopher 2010). Res 
polymerase chain reaction (PCR) is used for an accurate 
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diagnosis of B. aborts (Redkar et al. 2001). This PCR 
‘observes different regions of Brucella genetic material 
(16S FRNA. IS711, and 31-KDA). An IS7LL-based PCR is 
‘used for the identification of Brucella from lympatic tissues, 
‘milk, and blood (O'Leary et al. 2006). PCR-based methods 
differentiate between the $19 vaceine und toxie strains of 
faborms —(Kaynak-onurdag etal. 2016). IHC. 
(Gmmunohistochemisty) was used for the contimmative 
analysis of brucellosis in placental cotyledons and aborted 
tissues (Safari et al. 2019). Serological tests are used in 
cradication, inspection, and contol strategies workdwide 
{Lucero et al. 2008). RBPT is useful for validation of 
swelling in the scrotum (hydrocele), neuro-brucellois, 
‘swelling f joints (arthritis) inflammation of the epididymis 
(epididymitis), and swelling of the testis (epididymitis) 
(Mantur etal. 2006). CFT (complement fixation test) is used 
for exact detection of antibodies (IgM, IgGl). Itcan also be 
used in the serum of vaccinated (PBS1) bovines. SAT 
{standard tabe agglutination test) is an economical test 
ELISA (enzyme linked immune-sorbent assay) is sed for 
Bpucella antigen sensing. It is considered the most accurate 
test (100% sensitivity and 99% specificity) for Brucella 
antigen. CFT is also hest for persistent brucellosis. BLISA 
spives better results than acute brocellosis in conventional 
‘assays, Indirect ELISA is helpfal in clinical brucellosis 
‘detection and is more accurate than SAT [is very sensitive 
for CNS nicellosis detection and measures antibody (IgG, 
IgM, or IgA) levels in serum. For milking animals, indirect 
ELISA and milk ring tests are mostly used. The Coombs test 
and Burnet’s intradermal tests are used to observe the 
‘condition of intolerance of contaminated estence to. 
‘abortus (Rhuran etal 2021) Rose Bengal plate test (REPT) 
fives most accurate detection (99%99.5%). RBPT is an 
economical tet used fo sea sreening (Arif et al. 2018) 


‘Treatment 


Usiization of antibiotics (streptomycin, tetracyclines, 
aureomyein and trramyein) can cause reduction in abortions 
in infected catle. These antibiotics may be used in 
combination or alone. Due t9 cost of treatment, existence of 
antibiotic residues in milk and treatment failure. this therapy 
‘is not satisfactory for bovine brucellosis. Oxytetracycline 
‘lone of with streptomycin is successful ecause it decreases 
the scatering of bacteria and terminating the signs of 
‘brucellosis atthe time of calving. Oxytetracyline 20 mg/kg. 
UM for 14 days (every 3" day) along with streptomycin 
20mg/kg. IM, for T days (every day) may be used. Effective 
‘management is also necessary for bovine’ brucellosis 
ingh eal. 2014), 


‘819 (live atenuated vaccine) and RB 51 (rough, rifampicin 
resistant strain) vaccines are mostly used in. bovine 


‘brucellosis. Under field conditions $19 gives good results in 
‘attle (80-95%). I provides immunity for entire life span of 
the cate, if cate is immunized in early age. In male calves, 
‘S19 does not give good results. If female calves are 
‘vaccinated with S19 then at mature age (heifers) abortion 
does not occur as no bacteria found in ther reproductive 
system. Being infective for humans. $19 vaccine requires 
special preventive measures before use (gloves, protective 
lasses, masks, and sleeve coats). RBSL vaccine is best in 
‘atl for contol of abortion, Calves are protected against. 
‘abortus sepsis and abortion, if they are immunized with 
BSI (at 3, 5 and 7 months of age). Is successful infield 
conditions, Heifers can be immunized at the age of 10-12 
months with B abortus 2308 (irulent) strain. Some 
experiment shows that RBS can be given in pregnancy when 
‘yacination is not done in these cattle at early age. If cattle 
fare vaccinated with strain 19'at early age, than RBSI can be 
siven in pregnancy Poesteret al 2006; Domeles etal. 2015) 


Conclusion 


Brucellosis i considered as one of the most important and 
‘widespread zoonotic disease worldwide. B. abortus, B.suls, 
B. melitensis, B. canis. B. neotonue. and B. ovis are 
pthogenic Brucella species, The demand of milk increases 
‘with increase in population and the farmer does aot know 
‘well about this disease es most prevalent in humans due to 
less adaptation of proper control strategies in Pakistan, The 
Frevalence of this disease is onthe rise owing to numerons 
hhygienic, social. economic and cultural fctors. Once entered 
inthe host body. B- abortus multiplies in intracellular miliew 
‘of phagocytic cells such as macrophages and dendritic cll. 
‘When female conceives, the bacteria reach trophoblasts and 
the mammary gland ‘through circulation where they 
‘multiplies to indice abortion. Brucellosis control programs 
‘mainly depends on early, accurate and precise diagnosis of 
the disease. Its diagnoced by history. disease symptoms, 
‘hactcriological isolation and identification, serological tests 
sand varius molecular tests. For control of this disease two 
vaccines, S19 and RBSI are given. For treatment 
‘combination of anibios are used. Main problems duc to 
this bacteria are epididymitis, abortions, endometits, 
retention of fetal membranes ct. Duc to this disease major 
losses occur that includes animal health problems, production 
and effets on public health 
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INTRODUCTION 


Bioterrorism broadly descrhes the use of biowarlure agent 
(chemicals, bacteria, and viruses) to induce disease in people 
‘or even kill em and may damage crops and livestock, Its 
the intentional use of a pathogen or chemical to destroy the 
‘economy of country and also affects the socal life of people 
{De Felice etal. 2008). Bioterrorism earned great attention 
during the first decade of the 21" century. Definitions of 
bioterrorism may vary by source and have evolved aver time. 
According to Spencer, “the use of microorganisms as 
‘weapons with devastating effects, which can be described 
serious physical, psychological, or economic harm to a 
ration” (Rose and Larrimore 2002). It highlights some 
important points including the broad spectrum of microbes 
must be considered along with their physical, psychological 
and economic impact. In addition, Spencer deserbes the term 
‘agroterrorsm: “any agent which is vulnerable to livestock 
and crops" (Tegnell etal. 2003). Various types of biologic 


agents include viruses, bacteria, toxins and chemical azents 
(Fig. 1). Broadly biological agents have been grouped into 
thrce categories as represented in Fig, 2 Ulrmigan etal. 2001). 


Epidemiology of Bioterrorism 


Unerceptional disease outbreaks may indicate a bioterrorism 
attack including exotic diseases i.e. plague, inhalation 
‘nthrax. typhoid tlaremia, smallpox, hemorrhagic fever, and 
typhoid fever suggest the intentional dissemination (Mayer et 
al 2001). Bioterrorism disease has relatively nonspecic 
characteristics, therefore, epidemiologists try to understand 
the cause of the disease. Unexpected regional or transient 
patterns afe sign that disease outbreaks are not occutring 
naturally. For example, all cases of anthrax around 
Sverdlovsk were found setive within 4 kim of the military 
headquarters, indicating military teritory was the target site 
‘or source ofthe outbreak. All cases were reported during the 
same er, suggesting the uncommon outbreak of a single 
Flogical agent (Bush et al. 2001). Atypical clinical 
symptoms may indicate an abnormal route of infection i. 

inhalation of anthrax. Unusually high incidence rates may 
‘ccur in people exposed toa particular area or if people are 
living in protected areas, especially if multiple dtted source 
‘outbreaks occur atthe same time (Bravata etal. 2004). I it 
‘occurs, it may indicate a intentional infection. A very high 
umber of cases, and failure to dently a single source of 
infection, divert the sientsts intentions to assecations with 
food contamination (Mondy et al. 2003) 


History of Biological Agents 


Asearly as 600 BC. infectious diseases were believed to have 
the potential to harm both evi and armies. The opponent 
was utterly destroyed by the crude use of filth, animal 
carcasses, and pathogens (Nofal etal. 2021). Threwgh the 
various European wars, the American Civil War, and even 
into the 20" century, the way of poisoning the opponent 
army's wells and other water sources remained continued. 
Even Middle Ages military leaders found that victims of 
infectious diseases may tur into weapons. bre! history of 
the use of biological agents s shown in Fig. 3 (Lashley 2004) 


Bacillus anthracis: K Biological Agent 
Introduction 


‘A German physician Robert Koch discovered Bacillus 
‘anthracis (B, anthracis) 1876. B. anthracis isan etiological 
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lg. 2 Catcpois of biological agents 


Fig. 1 Types of biological agents 


agent of a zoonotic disease called anthrax that occurs in 
hesbivores and ether animals and itis important for both 
Public health and biodefence protection (Mukarati etal 
2020), The word anthrax originates from the Greek leter. 
anthracite “which signifies Black Coal. B. anthracis is a 
gram-positive, non-motile and spore-forming hacterium. In 
fayoruble conditions, is spores can survive for up to ten years 
(Hueter etal 2020) In addition, spores have high resistivity 
to natural condition so it s supposed to be the most potent 
biological weapon agent, Biological agents are considered t0 
he the most potent weapon used in bioterrorism since they are 
ften inexpensive and have a broader impact than physical 
‘damage (Chateau etal. 2020). Coursies wath agriculture asa 
rin source of income are more vulnerable tothe attack of 
fnthr The spores of B aracis enter the by throwgh skin 
lesion, gastraitesinal routesand lungs. Once spores enter the 
body, they can replicate in the blood, can travel to Iympl 
nodes, and can produce toxins that may even cause death 
Symptoms include fusike infection, shock, acute respiratory 
slistess and wlimately death (Hoffmastr etal. 2006). 

‘This bacterium has two larg plasmids pXOland pXO2, both 
necessary for toxicity. Plasmid pXO1 harbor the structural 
[genes for anthrax toxin proteins and pXO2 carries genes for 
‘capsular synthesis, Even though 2. anthracis forms strongly 
‘monomorphic phylogeny with the B. cereus complex: 2 
thuringiensis and B. cereus stains that are genetically related 
to the & ahracis cluster (Carlson et al. 2019). This 
bacterium an infect humans in three ways including 
‘cutaneous respiratory tract and gastrointestinal tact. A most 
Fecent study also descrihes another way of infection which is 
injectable anthrax. The most severe and fatal types of the 
disease are gastrointestinal and inhalational anthrax. The 
Virulence mechanism of anthrax allows the bacterium to 
spread to the lymph nodes and subsequently to the 
bloodstream leading to intemal infection, In the host. 2. 
‘anthracis has two forms ie, vegetative and spores (Ingleby 
‘tal, 2002; Kamal et al, 2011). 


Unique Scientific Publishers 


‘One Health Wiad 


lg. 3: His of use of biological agents (Lasley 201) 


‘This bacterium is commonly preset inthe soil in the frm of 
cndospores, which can survive for many years. BLanthracis 
‘is categorized into pathogenic and non-pathogenic species, 
In addition, #, anthracis has two vieulence factors, acid poy 
7-D-glutamic acid capsules und ti-partte toxin (Hoffmann et 
al. 2017). It has long been suspected of being used as a 
boioterrorist agent because it prodices spores that ean be 
crosolized and proliferate the disease. During the Cold War 
Fra and afterward as a bioterror agent, B. anthracis was 
regarded as a potential Biowarfare agent (Leendert etal 
2004). After September-October 2001 Anthrax Terrorist 
“Attacks in the US, The US. Postal Service. spread spores that 
Killed 5 people and infected 17, which lead to the 
‘identification of anthrax as a disease in 2001. As a result of 
these incidents, the number of scientific studies on B. 
anthracis bas dramatically increased, Duc to its highly 
pathogenic nature, spore-forming ability and high morality 
‘te, anthracis is known to be high-rank biological weapon 
‘Antonation etal. 2016) 


Microbiology of &. anthracis 


2B. anthracis produces large gram-positive bacilli (1-5 mm. 
x 410 mm). This facultative anaerobe has nonmotil, 
encapsulated cells that are organized in chains. Swabs from, 
infected tissue typically show evidence of encapsulation, 
Ihowever, this s not the case when the erganism is grown in 
ccnventional laboratory culture media where it produces 


spores (Sharma eta 2020). After 24 hours of incubation at 
35°C, B. umhracis produces spherical, flat or slightly convex 
hnan-iemolytic colonies with a diameter of 2-S mm on sheep 
blood agar plates (Missiakas and Schneewind 2017) 


Strains of B. anthracis 


‘There are thre strains of B. anthracis namely Ames, Ster, 
and. Vollum. Ames is a frequently examined and highly 
‘irulent strain that contains the two plasmids: pXO1 and 
PXO2. It was originally isolated from a dead cow in'Texas in 
1981. Whereas, sts geographical regions are US and UK 
(Norris et al. 2020). First isolate of Ames strain was reported 
in Florida in 2001 from a victim of an anthrax attack. Ste is 
‘toxin-praducing hut non-vrulent strain because i caries 
the anthrax toxin plasmid pXO1 but lacks the encapsulated 
plasmid pXO2. This strain is offen used in the development 
‘of animal vaceines (Plo and Frey 2018). Volum is a low- 
Virulence strain used in research studies and has been found 
in the UK, Payne. and Zimbabwe. This stain is also used in 
the development of animal vaccines. Moreover, the V770 
strain has also been used in the prodction of toxins and ia 
‘various research-related studies (D'Agnillo etal 2020), 


Virulence Factors and Toxins 


‘Toxins and autophagic eapsular polypeptides, including D- 
glutamic acid, constitute the anthrax virulence factor. The 
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_genes for these virulence factors are on different plasmids 
‘Anthrax toxin is composed of three proteins: EP (edema 
factor) PA (protective antigen) and LF (lethal factor) (Enosi 
‘Tuipuloty et al. 2021). All three parts have been studied for 
purification, characterization, and structural gene 
Sesencing. On the surlace of host cells, PA fragments ein 
bind to specific receptors, Cellular proteases cleave part of 
the molecule to generate PA fragments that act as specific 
receploes for EF ct LF. Host cells absorb tains through a 
proces known as receptor-mediated endocytosis (Aoyagi et 
al 2000), 


Life Cycle of B, anthracis 


Animalsecome affected when they ingest anthrax endospores 
found. in agrcultunl areas. Endospores find favorable 
cnditions inside the mammlian host, such as an aquedus 
cnvircament with enough nutrition. and begin to germinate. An 
important phase in the pathogenesis of anthrax is the transition 
fof the spore into & vegetative cel since only the vegetative 
form of the cerium can prodice virulent components, sch 
asthe capsule and tripartite toxin Antonation etal. 2016). The 
peptidoglycan ayer and Slayers surround the poly-D glutamic 
fad capsule, which creates a complicated. surice for A 
“nihrais. The capsle is essential for hactrial survival as it 
‘icumvents the itamune system of the host. After death, the 
Ihateria are enclosed and spread through natural ries with 
blood dissemination (Hu et al. 2020). When the vegetative 
hater come into contact with oxygen, they transform into 
spores and re-infest the agricultural feks, where grazing 
animals can ingest/eontact the lethal spores ulimately resulting 
in anteax infection (Fig 4). 


Clinical Types of Anthrax. 


Depending upon theroute of infection, thereare three clinical 
types of anthrax: cutaneous (skin), gastrointestinal 
(Gngestion), and pulmonary (inhalation of spores) (Thappa 
2019). A diferent strain namely “injectional anthrax" has 
‘ecenlly been discovered among European heroin injectors 
‘Some cases of anthrax have been associated with insect bites, 
a some insects may spread the disease after biting an 
anthrav-infected animal (Berger etal. 2014), 

‘Spores da not appear to develop in the host asthe oxygen 
tension of the dying host is too low for sporulation or the 
Virulence gene regulator AzxA inhibits sporulation (Shearer 
2016). Within 3 hours of germination, spores infiltrate 
‘macrophages at the point of entry, develop into vegetative 
cells, propagate ito tissues and begin to produce anthrax 
toxin (Fig. 5) (Zhang etal. 2022). 


Cutaneous Anthrax 


‘An intating papule tht looks like an insect bite is dhe frst 
‘sign of cutaneous anthrax infection. This pape grows within 


a day or two and develops into ulcer with a raised, circular 
‘margin and a neerotic center (Nayak etl. 2019). Such sores 
‘often develop within 2-5 days after the epores enter the ski, 
‘After 7-10 days, a black eschar with edema surrounding it 
forms, leaving a scat formation alter anthrax treatment, There 
may be swelling and enlargement ofthe local Iympl nodes 
(Kasradze etal 2018). The majerities of cutancous anthrae 
infections are painless and only affect the dermis. However, 
‘when hacteria enter the bloodstream and cause bacteremia. i 
‘can. spread throughout the body. However, on skin, 
hhemoethagic lesions may be formed (Tekin etal 2015), 


Gastrointestinal Anthrax. 


Gastrointestinal (Gl) anthrax occurs by’ cating or ingesting 
food contaminated with anthrax spores. After intake, spores 
‘germinate and can leave sores across the hody of host 
(Nakanwagi etal. 2020). Typically, the incubation phase lasts 
3 to 7 days. Abdominal and oropharyngeal anthrax are the 
two forms of GL anthrax that ean be identified by the lesions 
{abdominal GI anthrax lesions predominantly develop in 
the ileum and cecum (Owen et al. 2015) 

Symptoms of abdominal gastrointestinal anthrax include 
nausea, bloody vomiting, diathea, abdominal pain, 
headache, loss of appetite, and severe ascites. Oropharyigeal 
anthrax is another type of intestinal anthrax whose lesions 
‘ceur primarily in the oral cavity and resemble cutaneous 
anthrax. Symptoms include sore throat, ificulty in 
swallowing, cervical Iymphadenopathy and swelling of the 
throat due to inflammation (Goel 2015). 


Respiratory oF Inhalation Anthrax 


Respiratory anthrax occurs when spores of anthrax are 
inhaled into the lungs (also known as pulmonary anthrax) 
‘This isthe most dangerous type of anthrax. The spores are 
taken up by alveolar macrophages and transported to the 
‘mediastinal lymph nodes. Symptoms of anthrax inhalation 
ae similar to those of a cold fl, initially with mild chest 
pain, shortness of breath, nausea, and finaly fatal respiratory 
collapse (Azarkar and. Zare Bidaki 2016), Hemorrhagic 
‘mediastinitis and pulmonary enema, unlike pneumonia, are 
‘caused by anthrax (Aspharian etal. 3016), 


Injectable Anthrax 


“The symptoms of anthrax frm injection are dhe sme as for 
‘cutaneous anthrax, although the infection may be under the 
Skin oF deep into the muscle where the drug was injected. 
Sometimes the injection site may be red (Hu et al. 2020) 
Injectable anthrax ean be dificult to diagnose because a 
variety of other common bacteria ean infect the skin and 
injection site, and tfcul to teat because it spreads quickly 
throughout the boy (Fig. 5) (Makarti etal. 2020), 
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Potency of &. anthrax as a Bioterrorist Agent 120,000 and 3 million individuals may die following the 


imtrodction of 100 kg of. anthructs in 1993. This is just as 
Due to its extremely pathogenic potential and sporulation, deadly as an hydrogen bomb (Ehling-Schulz etal. 2019), 

anthrax isa top candidate for use in bioterrorst attacks. In. According to research from animals the human LDSO (a dose 
1970, the World Health Organization estimated tht between that kills SO% of infected people) is estimated to he between 
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2.500 and 55,000 inhaled spores. The WHO alsa predicted 
that 50 kg of B. anchracis were spread over a $-aillon- 
person urban population in 1970, it would infect 250.000 
people and kill 100,000 (Berger et al. 2014). Therefore, if 
Properly dispersed, an envelope containing 2g of powder 
{equal 19 200 billion spores), ike the one mailed to Senator 
Dasher in 2001, will kill thousands of individuals. From 
fermented cultures, it fx possible to create highly pathogenic 
spores that afer going trough a series of procedures, can be 
lspersed via aerosol delivery technology over a large region 
by an aisle (Antonation et al, 2016). Anthrax was 
primarily found in animal before being reported in humans 
The increased significance of identifying infected individual 

presents a significant challenge to public health concern. 
According 19 CDC guidelines, BL anthracis is enlisted in 
(Category A high-priority diseases (Kasradze etal. 2018), 


History of Bacillus anthracis in Different Biological 
Warfare 


Japanese Army Units 731 and 100 purportedly experimented 
‘with the serosolization of 8. anthnacie and the cootarsination 
fof food and water supplies with enteric infections during 
‘World War IL In April 1979, acase of inhalation anthrax was 
recorded close 10 the Soviet Institute of Microbiology and 
Virology in Sverdlovsk, USSR, during the Cold War 
(Mukaratiet al. 2020). The 77 confirmed cases including 
166 deaths—represent the largest known anthrax inhalation 
pandemic. According to more current estimates, there were 
250 infected and 100 reported deaths asa result of the illegal 
Spread, 21 cases of cutaneous anthrax from contaminated 
Teters in 2001, 22 eases of inhalation anthrax, and 5 deaths 
due to anthrax in the US have been reported. Anthrax has a 
Jong history with human populations and was also popular in 
China and Europe (1190-1491 BC) (Goel 2015; Pilo and 
Frey 2018). 

‘The fifth plague of Eaypt, described in the book of Genesis 
(1491 BC) as an outbreak that ravaged ancient Egypt and 
‘wiped out all ofthe livestock, including atl, sheep. goats, 
camels, horses, and donkeys may have been caused by 
fanthrax, Anthrax in domestic and wild animals yppears to be 
the disease that Virgil 29 BC) desribedin his third Georges 
(collection of poems on agriculture and animal husbandry). 
‘ait was a significant agricultural disease in Europe from the 
164 to the 18* centuries (Asgharian etal. 2016). In Japan, 
culturally identified anthrax in humans i onthe national ist 
‘ofall reportable diseases. and medical officers mustreprt all 
ceases to the government. However. only 4 cases of B. 
lamhracis were reported in Japan in 1990 (Takahashi etal 
2004). In August 1994, an event in Tokyo involved a man in 
his 80s from the Sumida district, which is adjacent tothe Edo 
district (Kameido's site). However, there was no clear 
‘connection between this incident and that happened in July 
193, Between 1979 and 1985 more than 10 (KN) human cases 
‘were reported in Zimbabwe (Mayer etal. 2001). The US 


incident shows how human population can be affected from 
anthrax biological weapons (Nofal etal. 2021), 


Conclusion 


Anthrax has been a significant disease inthe early days of 
‘microbiology. approximately 125 years ago, that halted 
domesticated animals and the farming industry. When this 
issue was identified, vaccinations were used as efficient 
preventative strategies. B, anthracis poses a major concern 
‘whether employed fr terrorist or military purposes. Though 
treatments and preventative countermeasures a available, 
anthrax sll poses a lethal impact om the human population. 
‘The critical steps in the present strategy are an accurate 
diagnosis, prompt identification, prophylactic measures, and 
appropriate treatment. The military and tererist deat irom 
anthrax inhalation is sill present and may even be getting 
worse worldwide. Therefore, public health officials and 
‘medical professionals need to be awate ofthe different forms 
‘of anthrax. Pre and post exposure vaccination and protective 
masks with 1 to 5 ym particle filters “are important 
preventative measures. Though these precautionary measures 
may offer some protection against aerosolized M. anthracis, 
still morbidity and mortality ate are significant due to its 
Potent bioterroris attacks. 
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INTRODUCTION 


Infectious diseases transmitted via vestors or animals 
(Zoonotic disease) remain a leading cause of high morbidity 
and mortality. According to a meti-analysis, 60.3% of new 
infectious diseases are caused by the rapid spread of 
‘znonoti pathogens from animals to humans and involve the 
interactions of humans, animals, and the environment. 
Various types of animals are reservoirs of zoonotic 
pathogens such as Leptospira that can circulate indifferent 
evosystems (Urbanskas et al. 2022). Leptospirosis (LPS) isa 
neglected zoonotic disease recognised as the biggest public 
health threat around the globe with high prevalence. LPS 
caused by gram-negative, aerobic and slow-growing 
hucteria of genus Leptaspina spp. in a group of spirochetes. 
The genus Leprospina ‘contains numerous numbers of 
species which are pathogenic, intermediate and some are 
‘non-pathogenic strains based on genosypic classification as 
shown in Fig. 1 (Desvars et al. 2011), Serovars and 
serogroup are classified on w serological basis and around 
SUK) serovars are grouped into the several numbers of 
serogroups (Picardeau 2017). Leptospira is usually 0.1 
‘wide and 6-20 um long with pointed ends bent into hook= 
like shapes which dilferenate from other spirochetes 
{(Samfot et al. 2021). I can grow at an optimum temperature 
fof 28-30°C and pH of 6.8-7-6 which aflects all mammalian 
species mostly living in « topical climate where environ- 
mental conditions favor the prolonged survival of pathogen 
dnd transmission in poor resources and developing countries, 
Teaflect all the manimalian species and infected animals may 
also act as the reservoir hosts which may transmit the 
infection dirclly or indireelly depending upon the infeston 
source (Bandara etal. 2014 Pappas ta. 2008). 

‘The discase spread through direct contact with contagious 
secretions (blood, urine. aborted fetus, contaminated wate. 
soil, feed and uterine discharge) of infected animals and 


listed throughout the systematic circulation ad in 
‘various organs (Hajkolact ets. 2022; Schuller eta. 2015). 
‘These organisms enter through mucus membranes of 
abraded skin, vagina, nose and eyes as shown in Fig. 2 
(Sykes etal. 3022, 

Lepwospira organisms moltiply in the liver, kde, spleen 
ocular tissue, central nervous system and. genial tract 
(Ananda eta. 2008). This infection infets humans as well 
‘as animals that impact production mainly after heavy rains 
(Galarde-Lépex et al. 2021; Sud 2021: Haake and Levett 
2015). The Kidney and liver ae the main targets during both 
acute and chronic phases. In these organs, they ean multiply 
and survive for months (Haake and Levett 2015}, 
Population groups who are at high risk of geting infection 
include veterinarians, breeders, dairy farmers, meat workers 
and laboratory employees. However. indirect exposure 10 
the environment (overcrowding, sanitary conditions) is the 
most frequent way of human exposure to get Leptospira 
infection (Femandes et al. 2019). "The global 
<pidemiological status of LPS is fragmentary but in humans 
fn estimated 1.03 milion infection cases were reported in 
2020 (Calvopia et al. 2022). It's considered as a major 
‘ease of economic loss that can be atributed tothe cost of 
treatment, high culling and low pregnancy in animals 
(Tomekowiack etal. 2022). The diagnoses are only a key 
step for a better outcome that depends on the sample 
svailability, Various laboratory tests ate used for the 
detection of the LPS inclade culturing. molecular, 
serological and microscopic evaluation (Musso and Scola 
2013). LPS can better be treated with antibiotics (pencil 
ampicillin, streptomycin, erythromycin, tetracycline and 
‘doxyeycline) bat prevention can reduce the infection risk by 
taking sanitary measures (Lucheis and Fereia 2011), 


Clinical Manifestation 


LPS may exis in 4 forms including per-acute, acute, sub- 
scute and chronic form. The clinical manifestations of LPS 
have non-specific symptoms in humans like fever, 
headache, myalgia, acute heart failure, hemoptysis and 
several organ injuries (Costa et al. 2015). Other non- 
Specific symptoms are similar to those seen in dengue 
hemorthagic fever, rickettsial infection, malaria and 
hucterial sepsis, Approximately 10% cases lead to severe 
disease (Haake and Levett 2015; Adler and Alejandro 
2010). In humans, disease is known by various local names 
like Fort Bragg fever, Rice field fever, Host Pea Picksr's 
fever, Weill’ disease, pretibial fever, Sugar cane cutter 
fever and Swine herdet's fever (Rajapakse 2022: Bhatia 
snd Umapathy 2015). 
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Fg 1: Taxonomy and Classification of Leprospia 


LPS is characterized by a broad range of clinical signs and 
symplomis in animals with minor differences in aflected 
species. In bovines. it is associated with reproductive 
problems like sillbin, abortion, fetus and fetal membrane 
tetenion, infertility, low milk’ yicld and calves’ death 
(Correia et al. 2017), Abortion and stlhith are the most 
serius clinical events due to pathogenic Leptospira 
infection. Abortion usually occurs during last trimester of 
pregnancy. Inferility and low milk production oecur in 
Pregnant and lactating animals dae to the proiferatica of 
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Leptospira pathogen in the wlerus and mammary gland 
{Rajapakse 2022: Vadeta et al. 2016). 

Ts canines, LPS causes acute infection and fas been largely 
described worldwide. Acute infection associated with 
ferogroups: —eterohaemorshagise, — Canicole and 
Grippotyphosa, According to several studies vomiting 
lethargy. anorexia, polyuria, weight loss, abdominal pain, 
diarrhea and dehydration are the most common signs in 
‘dogs (Ross 2022; Goldstein 2010). The infection may range 
from mild febrile illness to life-threatening multsystemic 
disease which is often chardcerized by pulmonary 
hhemorthage and hepatic and renal failure with coagulative 
dlisorders (Chacko etal. 2021; AL-Sadi eal. 2015). 


LPS diagnosis is based on history, risk factors and clinical 
manifestation, Difficult sand frequent misdiagnosis of 
Leptospira ‘ection due to similar symploms of various 
‘others diseases makes it the most neglected infectious 
tdsease (Chancharoenthana etal, 2022: Torckowiack et al 
2022) Mdetitication of etiology and confirmation of clinical 
fuses is particularly significant to establish proper 
Preventive measures and appropriate treatment in the herd 
(Tomekowiack et al. 2022: Martins and Lilenbaum 2017) 
For the proper diagnosis of LPS laboratory dingnosis is 
essential (Chancharcenthana etal. 2022) 

‘The diagnosis of LPS is difficult that can be performed by 
lively identifying spiochetes, ther components in body 
tissues and fluids, and detecting antibodies during clinical 
phases. Culturing and isolation of pathogens enable for the 
‘entification of infectious serovars but it i insensitive and 
several weoks’ incubation is required (Pal, Lema, and AMalel 
2022). The majrity of LPS patients are diagnosed with 
Serologic tests by using ether plasma or serum and serum 
are most frequently used (Abmad et al. 2005). Several 
studies revealed that for the diagnosis of pathogenic 
Leptospira in aborted catle serum, the sample is collected 
for antibiotic detection. Laboratory diagnosis includes both 
direct and indirect identification as shown in Table 1 
(Chancharoemthana etal 2022; Gasem et al. 2020), 

LPS diagnosis is difficult because it typically necessitates 
the pathogen isolation that takes time. LPS diagnostic teste 
should be accurate, easy to use, cheap, interpret easily. and 
offer outcomes ina few hours. In addition to a Dark Field 
Microscopy (DFM), Microscopic agglutination test (MAT) 
‘an be a simple procedure with less expensive equipment 
LPS-related serovars are identified using MAT. Australis, 
Autumnalis, Bataviae, Canicola, Ballum, —Cynopteri, 
Grippotyphosa, Seitoe, Hebomadis, Iterohiemerthagine 
Panama, Ponoma, Pyrogenes, Tarassovi and nonpathogenic 
serogroups Semaranga are the few antigens to be used in 
MATT (Soo et al. 2020: Van De Werve et al. 2013). As the 
live Leptospira are uilized a the material, the method is not 
standardized. LPS can be biologically diagnosed. using 
ELISA. although the technique has significant drawbucks, 
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‘Tuble 1: Labortoey Diagnwte Tess 


Directed Ties Mao 
‘Microscopy ‘Ges Specie anibody teat 
Inumunohstochemisey Indectbemagalutintion (HA) 
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Kolation of Lepospres 
Deoxyribonucleic aid (DNA) phase cons staining 


‘Wathin Stay sive tin 
Dark Field Microscopy (DFM) 

‘Asim Inaction 

Polymers chain reaction (PCR) 

‘Loop mediated isctbermal amplification (LAMP) 
[Next generation sequencing (NGS) 


Leptospirosis immunoglobulin (IgM) dipstick 
“Microcapsule agltinaton test (MCAT) 
Serovarspeciic ated test 

“Microscopie agglutination test (MAT) 
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lg. 2 Transmission and Pathogenesis kamewok of Leposptosis (Sanne eta. 2021), 


‘most notably the use of non-pathogen antigen, which makes 
‘it possible thatnot all infectious serovars will be detected 
By far the most important advantage of PCR is the 
possibility to confirm the diagnosis of LPS before the 
Appearance of IgM during the early acute phase in infected 
individuals. Real-time PCR is moreover a quick, sensitive 
fand focused method with lowering the erroneous results 
from carryover contamination. Cross-eactions caused by 
the presence of additional diseases could also be found 
‘while conducting the ELISA test as shown in Table 2 (Pal et 
Al 2022: Sykes et al 2022; Chacko etal. 2024: Buibal and 
Perwez 2014), 


‘Therapy & Prevention 


‘Treatment of LPS is a big challenge to clear Leptospina 
from tissues. Treatment is usally done with antibiotics and 
supportive therapies (Ananda etal. 2008). The majority of 
LPS cases are mild and resolved with antibiotic drugs that 
are given according to the severity of the illness (Chacko et 
al, 2021). It's vital to start the treatment 10 avoid 
‘complications until confirmation but the diagnosis must be 
‘confirmed (Haake and Levett 2015). In bumans, LPS is 
treated with recommended antibiotics including ampicillin, 
ceftriaxone and cefotaxime (Panaphut et al. 2003). 
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‘able 2 Laborstory Diagnostic Tess tei tgets und Remusks (Sykes eal 2022: Sanyo etal. 2001: Agampod et al. 2012) 
“Tea Diagnostic Sample Target Remus 
DEM Urine Leptas Tov seasine 

Regu echncal expense 
Cute load, Urine Leptospives Media Requiement 

Polged cubation 

Low sensitivity 
MAT Serum Anuodies against several Ero ean occur 

serovars Live Leprospira utilized 

Suitable fr epidemiological purpnes 

High Specincty 

(Can ers validte ELISA finding 
ELISA Serum, Paso Leptospira 1M. IgG False Negatives & Positives can our 
DNA. (Nucleic acid Blow, Urine, Tissue Lepspira DNA Quick 
amplifcaion test" specnin, CSF Sensitive 


[Eo eoncous in cea 
Sensitivity can reduce due to antimicrobial heapy 


Hisepstolegy ide tissue specimen Lepospives Antnierbil therapy lead ta fale result 
az Control Measure: fr Leposprois infection 
oo 
Reenvoir Environment = 
‘Host (Rodents) (Measures for Soil & |__——7}_ Carer 
“Measures Wate) | "Host (Test & Treat 


= se 


Vee of Protective Measures for Human (Clothe gloves & Gam Boots) 


Fig 3: Consol Stateses fr Lepiospivss(Vijayachar et 2008, 


Adult patients with early onset of infetion can be treated 
‘with azithromycin and doxyeycline. Antibiotic therapy is 
fective within 7-10 days but benzylpeniclln is prescribed 
‘only for 5 days, Hypersensiive or allergic patients to the 
penicillin group can be treated with erythromycin fr $ days 
find doxyeyeline for 10 days, It is revealed from prevens 
studies that pencilin G is ineflective to use due to the 
development of resistance. Tetracycline (doxyeycline) in 
young children, pregnant ladies and kidney dysfunction 
patients is contraindicated (Lawrence 2022; Brett Major and 
Coldren 2012) 

In animals various antibiotics are used including ampicillin, 
ofloxacin, enrofloxacin, ciprofloxacin, doxycycline, and 
‘oxytetricycline for cure in hamsters. swine and eatle 
(Langston and Heuter 2003). Exythromycin and 
aminoglycoside are effective but aminoglycosides should be 
avoided in renal dysfunetion (So0 et al 2020; Langston and. 
Heater 2003) 

Fluid therapy, blood transfusion and other supportive care 
fare also vital that depend om the animal and its needs 
‘Administration of fuids is mostly suggested as the frst 
‘consideration to correct hypotension, hypovolemia and renal 


failure. Urine output should be assessed alter rehydration. If 
the hydrated patient's urine output remains low, then it 
should be treated with diuretics (Bilal etal. 2018: Pappas et 
al. 2008; Langston and Heuter 2003), 

Although many therapies are used to control the 
transmission of LPS infection and reemergence but 
preventive measures ate always better, The preventive 
measures inclide spreading awareness regarding 
transmission roate, avoiding contact with animals, soil, 
‘ater, and avoid travelling in the endemic areas as much 
88 possible is an ideal path to eradicate LPS. The proper 
tse of protective equipment such as gloves, and boots can 
prevent the contact of farmers, agriculture workers, animal 
‘aretakers, alec events, and flood relief people with the 
infectious agents as shown in Fig. 3 (Karpagam and 
Ganesh 2020; Bavia et al. 2019). These people must be 
well tained and alert to not get exposed and infected 
orge etal. 2018). Folks should be advised noc to swim in 
‘contaminated water bodies and avoid exposure and contact 
‘wth pets and infected animals. Vaccine design is also a 
major challenge since 1886 for LPS (Karpagam and 
Ganesh 2020) 
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Teptospirosis 


Conclusion 


Leptospirosis ie a zoonotic but treatable disease found 
‘worldwide having major prevalence in developing counties. 
The disease infects both humans and animals. In humans, i 
is locally known as Weil disease, The clinical 
‘manifestation and severity ofthe disease are highly variable. 
The main source of infection is the urine of contaminated 
animals. Laboratory tests confirm the diagnosis of infection 
‘Available treatment for the zoonotic diseases involves the 
‘use of antibiotics. Sanitary measures are the most important 
‘control measures in animals and humans, 
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INTRODUCTION 


‘The zoonotic significance of paratuberculosis has heen 
debated for a long time (Dalziel 1913). Afler the 
identification and isolation of “Mycobacterium avian 
paratuberculosis (MAP) in humans suffering ftom Cron's 
dlsease in 1986 (Chiodin et al. 1986), the attention of many 
researchers diverted to finding the zoonotic potential of 
paratubercolosis (Grant 2005). Furthermore, MAP is 
‘considered as an important agent in the pathogenesis of 
certain human autoimmune diseases. These diseases 
include human immunodeliciency disease, diabetes mellitus, 
cncephalomyelitis disseminate, chronic autoimmune 
thyroiditis, Besnier-Boeck-Schaumann disease (Sechi etal 
2008; Paccagnini etal. 2009, Sisto et al. 2010; Cossu etal 
2013), The zoonotic potential of paratuberculasis is based 
‘nthe analogical relationship of clinical symptoms between 
Johne's disease in animals (ie. both ruminants and non- 
ruminants) and Crobn’s disease in human beings (El-Zaatari 
tal 2001). The pathogenic role of MAP is asociated with 
Several other factors 1c. intrinsic and extrinsic that can 
influence the onset of chronic disease in humans, The 
intrinsic factors include the inability of one's immune 
response to withstand the harms of the pathogen due to 
‘genetic problems or injury to lymphoid issues, On the other 
Jmand. extrinsic factors include exposure of humans to the 
causative agent of disease or disturbance in the microbial 
flora ofthe gastro-intestine. All these factors combine to the 
‘onset of the pathogenesis of paratuberculesis in humans 
(Chiodini 1989; Naser et al. 2014). Moreover, antigenic 
‘molecular mimicry is also hypothesized to influence the 


_gencraton of the autoimmune response in humans exposed 
to the MAP (Cossu etal. 2013). 


Paratuberculosis—Animal-based Perspective 


Paratuberculoss, also known as John’s Disease, i a well 
known infectious chronic disease characterized by 
‘granulomatous inflammation of the intestines (Eslami et al 
3019). The disease is caused by acid-fast hacteria belonging 
to the genus Mycobacterium, specie avium, and sub-specie 
paratuberculosis (Malvsiet al. 2016). The causative agent 
ff this disease is an obligate parasite that is dependent om its 
host cells and necessarily requires host cellular machinery 
for division and propagation (Arsenault et al. 2014). The 
tiological agent was first recognized 100 years ago in large 
‘domestic ruminants sulfering om intestinal inflammation 
for a long period by two German researchers (Jéhne and 
Frothingham 1895). Later oa, the disease was recognized as 
Johne's Disease and the associated pathogen was identified 
throughout Europe in 1906 (McFadyean 1906) and America 
in 1908 (Pearson 1908). Tae Mycobacterium avium 
paratuberculosis (MAP) infects a wide range of animal 
species. The disease is commonly found in the domestic 
Population of ruminants inchading cate, shesp, and goats as 
Wel asin wildife populations eg, deers, foxes and cotton 
tail rabbits (Rotide and Shulaw '1990;, Whitington and 
Sergeant 2001: Anderson t al. 2007; Munster eta. 2013) 
Within the animal herd. the disease may be vertically 
transmitted from the pregnant dam to the fetus during 
pregnancy (Whitington and Windsor 2009), or daring the 
neonatal life period of calves through ingestion of infected 
milkicolestrum (Khol et al. 2013) of other contaminated 
lumaterial e.g soil, feces, ete (Aly et al. 2012)Toe body 
‘Buide of infected animals including saliva, semen and 
blood, ete. may also carry the infectious agent and be 
transmited to healthy animls upon exposure to these fluids 
(Abbas et al. 2011: Sorge et al. 2013). Although MAP is 
majorly transmited through the vertical mode of 
transmission, it may also be transmissible horizontally from 
infected calves to heathy caves, o from infected ealves 10 
wildlife reservoirs and vice versa (Sweeney 1994). On 
‘expose of the animal to the MAP through the oral rout, 
the bacterial organism either settles in the ileum directly or 
becomes stuck up in the lymphoid organ i. tonsils. Prom 
tonsil erypls, it gains entry into the blood ar lymphatic 
circulation, and ultimately reaches the ileum and mesenteric 
lymph nodes (Payne and Rankin 1961; Sweeney et al 
200), The Mecells in the payer patches of the small 
intestine assist the movement of MAP across the mucosal 
epithelium of the small intestine. After crossing. the 
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cpitelial barter, the MAP reaches the submucosa of the 
intestine and. is phagocytized by. the  sub-mucosal 
‘macrophages (Momotani et al. 1988). ‘The persistent 
presence of MAP in macrophages leads to the ‘onset of 
‘granulomatous inflammatory reaction in the intestine and 
{gut associated Iymphoid tissues. This leads to the formation 
fof an-MPA immunoglobulins due to Th2-lymphocytes 
sctvation and release of certain cytokines e.g. IL-4 and HL 
10 (Stabel 2000), The MAP stars replicating in the 
macrophages and then spreads to the uterus, slivary glands, 
‘muscles, and other body organs. ‘Thus. the clinical 
symptoms of disease stat appearing and pathogen shed in 
the facces and in fuids of infected animals (Sweeney 2011 
Arsenault etal. 2014). The appearance of clinical signs in 
MAP infection is assoclated with the severe economical 
losses to the farmers of dairy cows due to prolonged course 
‘of disease (Khol et al. 2017). The role of MAP in causing 
tlsease in snimals is well understood, however, the zoonotic 
potential ofthis disease in humans is still debatable, 


sratuberculosie—Human-based Perspective 
Zoonotic Transmission 


MAP isan environmentally stable pathogenic arganism that 
is viable in the soil and water bodies for approximately 4 
‘months (Garvey 2020). After bacterial shedding in feces, the 
pathogen resides in the soil ofa farm ce grazing land. The 
Futhogens may contaminate the soil of pasture duc to the 
‘lization of animal manure as fertilizer in fodder crops and 
reside inthe oots and shoot system of plants (Grewal et al 
2006: Kaevska et al. 2014). It may also contaminate the 
‘water hodies where municipal water is drained off and 
resides in biofilms (Botsaris et al. 2016). Therefore, the 
transmission of MAP from animal reservoirs to humans 
‘mainly occurs though direct contact of humans with animal 
feces, contact with contaminated soil, or consumption of 
contaminated water (Garvey 2018). The consumption of 
‘contaminated milk or milk products is alsa thought to be a 
potential source of MAP exposuse in humans, Different 
research studies have confirmed the presence of MAP in the 
‘milk of MAP-infected dhity animals and some fermented 
dliry products eg. yogurt and cheese (Elbo etal. 2000: 
Gillet a. 2011: Van Brandt et al. 2011; Galiero eta. 2016), 
The presence of MAP in the meat of infected animals has 
also been previously reported (Alonso-Hearm et al. 2009), 
Besides oral transmission of MAP, different researches have 
also suggested the aerosol transmission of the MAP from 
thos animals to humans (Eisenberg tal. 2011: Rhodes et al 
2014). Humans are majorly exposed tothe pathogen during 
the so-called “celipse phase” of the pathogen in the host 
fanimals due to ignorance of the farmers for screcning of 
MAP in their animal herds, trade of infected animals and 
inefficiency of the MAP diagnostic tests (Naser et al. 3014: 
MeNees et al. 2015: Dow and Alvarer 2022). 


‘One Health Wiad 


‘The Global Incidence of Different Human Diseases 
Associated with Paratuberculosis, 


“The zaonatie potential of MAP was the is ime evidenced 
afer the isolation and detection ofthe pathogen in cinieally 
sick patients suffering from gastrointestinal inflammation 
tnd xhibiting. clinical signs similar to that of Johne's 
tdisease in the animal. This disease is known as infectious 
hovel disease (IBD) or Crohn's disease and it affects one to 
two million people around the globe (Molodecky et al 
2012), Later on, MAP was also reporied to infect patients 
sulting. from’ some autoimmune disorders, All these 
ailments are chronic with no specific treatment and millions 
ff people around the globe satfer from these diseases 
annually. These diseases include juvenile diabetes, adult- 
‘onset diahetes, encephalomyelitis disseminate, chrenic auto 
immune thyroiditis, and Besnier-BocckSchaumann disease 
(Waddell etal. 2015). Juvenile diabetes is a genetic disorder 
in which the pancreatic cells are unable to produce enough 
insulin for the regulation of the glucose-slyeogen eycle. 
About 2-5 of people are allected by this type of diabetes 
in dhe world annually (Ta etal. 2015). Adul-onset diabetes 
is a condition seen in adults in which the sugar level of the 
patient is increased above the normal range duc to the 
inahility of the body cells to uilize insulin. Approximately, 
‘90 of adults in the world suffer fom this type of diabetes 
im the world (Zheng ct al, 2018). Encephalomyelitis 
dlisseminata i a auto-immune divrder characterized by the 
injury to the myelin covering ofthe neurons, thus, creating a 
hindrance in the transmission of neurological signals tothe 
brit and spinal cord. About 0.3-0.6 individual per one 
hundred thousand people suffer from this disease in the 
world each year (Pobl et al. 2016). Chronic auto-immune 
Uhyroiditis is an auto-immune inflammatory condition that is 
characterized by hypothyroidism due to the allack of 
immune cells on buttefly-shaped thyroid glands in the 
body. About 3.5-5/1000 females and 06-1/10K0 males 
sulfr from this condition in the world each year (Ragusa et 
al. 2019), 


Paratuberculosis and Infectious Bowel Disease 
ap) 


‘The term IBD refers ta two conditions affecting the 
gastrointestinal tract in human beings ic, Crohn's disease 
tnd ulcerative colitis. In both ofthese conditions, the gross 
tnd microscopic inflammatory appearance ofthe intestinal 
wal is analogous to that observed in animals sufering from 
pratuberculosis (Gill eta. 2011). The formation of lesions 
in the intestines results in the appearance of several clinical 
signs including loose motions, abdominal pain. and 
malabsorption “of utrients through ili inthe small 
intestine. Moreover the condition becomes more severe and 
chronic alter the involyement of the immune system 
response (Thia et al. 2010). The selective absorptive 
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capability of the intestine is compromised and the causative 
Agent of paratuberculosis (Le. MAP) gains access to the 
different body organs through the circulatory system (Naser 
tal, 2004), Moreover, similar tothe shedding of bacteria 
from dhe mammary glands of animals, studies have shown 
the shedding of MAP in the milk samples fom the breast of 
patients suffering fram Crohn's disease (Naser eta 2000: 
Bannntine e¢ al. 2014). Another similarity between 
paratubercolosis and IBD is the mutation of bacterial 
sensing immunogenic gene ie, NOD2. The mutation of this 
‘gene lead to the defective or no production of NOD! 
Protein associated with the immune function of certain 
‘immune cells e.g. macrophages and paneth cells in the 
intestinal epithelium (Kuenstner etal. 2015). This genetic 
‘elation between Johne's and Crobin's disease suggests that 
both diseases share a common etiological agent. The MAP 
is observed inthe histopathology of intestinal tissue biopsy 
samples under 100x objective magnification using acid-fast, 
staining (eyanathan et al. 2007). Moreover. the PCR of 
MAP-specific genes has shown a positive presence in the 
biopsy samples from intestine (Bulle al. 2008) The doubis 
reganding etiological resemblance of Johne's disease and 
CCrofn's disease vanished when the sucessful isolation and 
culturing of MAP from humans caused active infection in 
intestine of MAP inoculated goats (Van Kruiningen etal 
19$6). All these studies indicate a strong zoonotic 
‘lationship between Johne's and Crohn's disease 


yratuberculosis and Diabetes Mellitus 


Ii is a disease that is characterized by the inability of 
endocrine cells of the pancreas to produce insulin die to 
the autoimmunity of T lymphocytes against proteins (heat 
shock proicin. and insulinoma-linked proteins) and an 
enzyme (glutamic acid decarboxylase) in the cells of islets 
cof Langerhans (Kemer and Briickel 2014). 
Paratuberculosis and insulindependent diabetes. (also 
‘known as diabetes mellitus type-I ) are reported to share 
‘some genetic similarities (Rani et al. 2010). The mutation 
fof the SLCLIAL gene leads to the protection of MAP 
fom the host's immunity. This gene encodes. Natural 
Resistance Associated Macrophage Protein-1 (MRAMP1) 
‘which i= a divalent metal’ ion transporter membrane 
protein of phagocytic cells and acts by resisting the hast 
cells against several types of mierobial pathogens (Hsu et 
al, 2006). The mutation in the gene of this protein is 
associated with dysregulation of this protein and the 
inability of the macrophages to destroy the pathogen 
{(Paccagnini et al. 2000), Researchers hive successfully 
isolated the DNA material of MAP trom a patient 
suffering from insulin-dependent diabetes. This DNA. has 
also been reported to be isolated from paticns suffering 
from adult-onset diabetes (also known as diabetes mellitus 
type-I). However, the prevalence of MAP is much less 
(8%) than reported in the ease of insulin-dependent 


diabetes ie, 63% (Rosu et al. 2009; Manca Bit et al 
2012). The indaction of autoimmunity in insulin- 
dependent dishetic patients is related to the similarity 
between the epitopes of glutamine decarhoxylase enzyme 
(GAD65) of humans and feat shock proteins (HP6S) of 
MAP pathogen. The GADOS is involved in the conversion 
ff gulamine to butyric acid and carbon dioxide, whereas, 
heat shock proteins are produced in response to the 
‘environmental stress. The exposure of MAP to humans 
tnd expression of heat shock proteins results im the failure 
fof the immune system to differentiate between self and 
non-self-antigens ie, GAD6S and HSP6S respectively. 
‘Thus, resulting in the induction of an autoimmune 
response against these two homologous proteins and 
leading to the injury of islets of Langerhans in the 
pancreas, The damaged pancreas result in the inability of 
‘endocrine cells to produce insulin and ultimately patient 
suffers from insulin-dependent diabetes (Dow and Sechi 
2011; Dow 2012). Moreover. the research studies. have 
also reported similarities between the other membrane 
protein (zinc transporter $) in the beta cells of the 
pancreas and a MAP protein (i.e. MAP 3865c), The 
Feoeganization of antibodies against zinc transporter & 
protein and MAP protein is further evidenced, supporting 
the role of MAP’in the production of an autoimmune 
response in insulin-lependent diabetes (Masala ct al 
2014), 


Paratuberculosis and Rheumatoid Arthritis 


Rheumatoid arthritis is defined as a chronic autoimmune 
disease characterized by the painful swelling of mobile 
joints due to immune-mediated inflammatory reactions 
(Melones and Schett 2011). The role of MAP in the 
pathogenesis of sheumatoid arthritis is similar to that of 
Uiabetes mellitus. The research studies have indicated the 
polymorphic role of the SLCIIAL gene in the 
dysfunctioning of NRAMP-I proteins and the production of 
‘Tymphoeytes against the body's eels, thus, enabling MAP 
to manipulate and worsen the inflammatory reaction in 
joints (Yang etal. 2000) 


Paratuberculosis and Chronic Autoimmune 
Thyroiditis 
Chronic autoimmune thyroiditis (also known as 


Hashimoto's thyroiditis) is an immme system-mediated 
inflammation of thyroid glands resulting in the decreased 
production of thyroxin (hypothyroidism), The role of MAP 
in the pathogenesis ofthis condition follows the hypothesis 
fof molecular mimicry where the failure of the immune 
system to recognize the selt-body cells leads tothe 
production of antibodies against the ZsT8 membrane 
proteins in the follicular cells of the thyroid gland (Sisto et 
al, 2010; Niegowska etal. 2015), 
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Paratuberculosis and Encephalomyelitis 
Disseminata 


Encephalomyeliis disseminata (also known as multiple 
sclerosis) is an autoimmune disease afecting the nervous 
tissues of the brain and spinal cord through injury to the 
‘myelin sheaths caused by helper T lymphocytes (Cossu et 
al 2017). The myelin sheath aets as a protective shield for 
‘neurons and is importint in the transmission of nerve 
impulses from the effector organ toward the CNS (Balice- 
Gordon et al. 1998). Numerous studies reported the high 
incidence of encephalomyelits disseminata in Ialy (42%) 
land identification of MAP from affected patients was 
associated with the environmental exposure of Italians tothe 
pathogen (Cossu et al. 2011; Cossu etal. 2013). However. 
Some researchers have associated this condition with 
Autoimmunity and related genetic predisposing factors that 
fare further strengthened aller the exposure of humans to 
MAP. The formation of myclin shields on neurons is an 
‘important phenomenca and sny abnormality or disruption in 
this procedure causes the onset of neurological symptoms in 
the afected individual (Stiles and Jernigan 2010), The role 
‘of MAP in association with this neur-behavioral condition 
is atsibated to the reactivity of myelin basic proteins with 
‘molecularly similar antigenic proteins of MAP and thus, 
depleting the myelin from the axons of netons and 
resulting in disruption of the transmission of a nervous 
signal cross the CNS (Mameliet al. 2014), 


Conclusion 


MAP in humans plays an important role in te pathogenesis 
‘of Crokin’s disease and some autoimmune diseases through 
the mutation inthe genes of certain immune cell membrane 
Proteins, cross-reactivity with cellular proteins, and 
feshibition of antigenic molecular mimicry. The shedding of 
‘hacteria occurs in feces, milk, blood, saliva, semen, et, and 

rect contact with these fluids is the very possible root of 
transmission of pathogens to other animals and human 
beings. Moreover, the in-utero transmission from infected 
dams to the fetus in animals, and the consumption of 
infected meat by humans are also possible routes of 
transmission of MAP. 
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INTRODUCTION 


Antimicrobial resistance (AMR) has recently been identified 
‘as one of the major public health issue affecting millions of 
peoples’ health worldwide duc to the quick evolution and 
spreading of resistant pathogens among humans, animals, 
and the environment. These antimicrobial resistant pathogens 
‘not only create hiddenness in clinician efficiency but also 
limits the therapeutic options which ultimately leads 40 
increase the cot of health services by increasing infections 
persistence, rates of morbidity and mortality Prestinaci ct al 
21S; Morchead et al. 2018). At present iti estimated that 
{oval deaths related to AMR accounts for 700,000) annually 
and itis predicted to be 10 milli deaths) year by 2080. 
‘Antimicrobial resistance is becoming a complex. and 
‘multifaceted threat not only for humans but also for animals. 
fad environment du to trinsmission of anibitie resistance 
‘genes through movement of accra indifferent ecologies or 
‘mobile genetic elements and their acquisition by highly 
pathogenic bacteria in each interelated segment (de Kraker 
etal 2016), 

Commensal & coli usually inhabits gastrointestinal tacts of 
‘warm-blooded animals including human 3& part of their 
‘normal flora and is also biguitous in the environment 
Commensal £. coli generally do not cause any infection to 
the host but harboring transmissible resistance elements have 
led tothe evolution ofthis hactria ino extremely modified 
anubioticresistant pathogen and now it's becoming a 
challenge as infection caused by resistant patho-lypes are 
dificult to manage (Rajagopal etal. 2021). The emergence 
fof antibiotic resistant is not restricted to. E.coli stains 


isolated form human but also reported in animal and 
‘enviroament origin strains. The emergence of AMR E. coi is, 
tainly observed due to overuse of antibiotics in veterinary 
and agriculture setings (Shakya et al. 2016; Amézqui 
Lipez etl. 2019), 


MDR Emergence: Global Drug Resistance Pattern 
Reported Data from Animal, Human and 
Environment 


Amtimierobials ure routinely used to teat diarrhea 
[ptsrocnteriis, mastitis and urinary tact infection caused by 
E coli in animals. However, use of antimicrobials. for 
treatment and asa growth promoter have been associated to 
the development of multdrug-tesistant (MDR} £ col that is 
not only becoming a public health threat but also poses 
‘cconcmic burden for farmers due to increase in treatment 
fenst, These AMR bacteria andior pathogens can be 
transmited from animals to human and then spread to their 
‘environment and enter in fod chain, Many’ studies showed 
the spread of antimicrobial resistant £ coli among chickens 
humans, livestock, and respective environmental settings 
(Heuer eta. 2011: Novais etal. 2013; Wiehmann etal. 2014: 
‘Aor et al, 2016; Amézquita-Léper tal, 2010), Diierent 
studies reported that E.coli isolated from. livestock 
demonstrated resistance against different clases of 
antimicrobials (Pencilin, macrolide, aminoglycoside and 
sulfonamide) (Brennan et al. 2016; Astorga et al. 2019: 
‘Azabo et al. 2022). Especially, food producing animals are 
becoming a potential source of dissemination of 
antimicrobial resistant pathogen into environment through 
their feces as poultry waste is routinely used for the feed of 
fish and shellish (Nhung et al. 2016). Globally, diferent 
antibiotics are used in production and treatment of disease in 
CCattes and Buffaloes and are becoming an important 
reservoirs of AMR bacteria. In 2021 a stay was conducted 
in Northeast Mexico and isolates from catle feces and 
‘creasses showed 72.1% overall prevalence of MDB E. coli 
(Martinez-Vazquer etal, 2021). Some othe studies have also 
described the incidence of MDR E. coi as 44 %, 69%, S6% 
and 37% in Egypt, Portugal, France and Jordan respectively 
(Obsaidat etal 2018 Amador etal. 2019; Bourcy tal. 2019: 
Ramadan etal. 2020), 

‘A sudy was conducted in China and reported that extended 
spectrum fHlactamase (ESBL) £. coli was found inthe soil 
‘hat was treated with pis dung and genetic analysis of isolates 
from soil have showed above 90% similarity with pig dang 
isolates (Gao et al. 2015). Another study reported the 
isolation of genetically elated E.coli fom pond water and 
‘duck fecal samples (Ma etl, 2012) Such studies indicating, 
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‘Table 1: Amimirobal Resistance Profling of MDR Ecol 
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‘Country Stn Resistance Teterence 
Dubai, URE E oll Ampiili, Tenet, Co-rinavazae, Conamicin and Emaloracin ‘Alnlelwaba otal 30D 
Austia Ecol Oxailia, Celtadine, Clistin Nal a, Sulfamethorzole, Tylosia Hess eal 2022 
Romania £ coli Amplcilin Fsfomyein, Noroxacin, AmoxiciliyClavulane Acid, Gentamicin Ine et 2022 
Ghana E ool Ceftaidine, Cefuroxime, Augmentin ‘Khana eal 2022 
South Korea £ oi Tevacline. Apel, Ciprofloxacin. Suepromsein, Chloramphenical Song etl 2032 
Germany Ecol Steptonyin, Ampicilin, Amoxieilia/Clavulani ai, Sulfonamides, etacyline Geom et al 20 


Bangladesh £ col Levofloxacin, Ciprfloacin,Cefoxime Impevem, Doxyeyeline 
‘Cotrimoxazole, 


Narway E-eollCetiaxove, Ceftazidime 


Mevopeners, nipenem 


eft, 


‘Mandl et al. 2002 


Amplslia, Ciprofloxacin, Pulingan etal. 2021 


strong relation of AMR E: coli transmission from animals, 
to environment. Recently a study conducted in 2022 on 
sheltered dogs in Kanto region of Japan and detected MDR 
E. callin 1K samples by detecting frlactamate genes 
(blaTEM, blaDHA-1, blaCTX-M.9 group and CIX-M-14) 
and quinolone-esistance protein genes (gnrB and gnrS) 
(Hata eta 2022) Previous studies have reported that MDR. 
hhactera in the cohort animals can he a heath risk to humans 
{Shakya etal. 2016 Rajagopal etal. 2021) 


Epidemiology and Global Burden of MDR E colf 


Antimicrobial resistance in bacteria is one of the major public 
health comcems that may lead to the deaths of 10 milion 
‘people annually by the end of 2050, Therefore. World Health 
‘Organization (WHO) and some other regulatory bodies have 
declared AMR as the most emergency condition that should 
he immediately addressed (Murray et al. 2022). AMR 
‘resulted inthe deaths of 700,000 individuals inthe year 2014 
dnd the estimated numberof deaths in different regions ofthe 
‘world by 2050 are given in Fig. 1. If this issue left unnoticed, 
circumstances may lead to the widespread emergence of 
extremely pathogenic and multi-drug resistant bacteria that 
‘never existed before (Pulingam et al. 2021), 

‘According to the data retrieved trom WHO Global 
‘Antimicrobial Resistance and Use Surveillance System 
(GLASS) report 2021, it became evident that E.coli and K. 
eumoniae are the most antimicrobial resistant pathogens 
Isolated from community. hospital, and unknown ofigins 
MDR E, coli strains isolated from different regions of the 
‘world displayed resistance against many of the commonly 
vwsed antibiotics and even against 3" generation 
cephalosporins as summarized in Table L 

Resistance of E. coli against 3% generation cephalosporins 
‘vas at maximum prevalence level of $8.34 in economically 
developing countries while that of 17.5% for economically 
developed countries (Palingam et al. 2021). Colistn is the 
last resort antibiotic used against MDR. E.coli that are even 
‘resistant against carhupenems bat many different strains of E 
cali have also developed resistance against colistin through 
‘mutations in the mobile colistn resistance (mcr) genes. Ten 
diferent homologues of mer have been known to ease 
colistin resistance in MDR E. coll and thei prevalence in 
dllfrent continents ofthe world is clearly depicted in Fig. 2 
{Dads et al. 2 


Low- and middle-income counties have very high 
prevalence of diseases involving MDR E.coli bat due to their 
inadequate surveillance systems, complete data is not 
available (Peirano etal, 2022). 


Genetic Variability of E.coli 


Genetic variability and diversity of E.coli is mainly due to 
‘genomic plasticity. a large gene pool, worldwide 
‘dissemination and ubiguty that plays an important role in 
‘making Ecol priority pathogen resulting in extremely high 
drug resistance and virlence (Horesh et al. 2021), Majority 
of the E.coli are nonpathogenic: however. their genetic 
‘clusters are highly variable in host and country to country 
{Leekitcharcenphon etal. 2021). Horizontal Gene Transfer 
(HGI) isthe major process responsible for genetic variability 
tnd it has been estimated that base composition and 
Phylogenetic analysis of E. coli genomes showed 24.5% 
‘genomes were acquired through HGT (Yu etal. 2021). HGT. 
involves the exchange of genetic material Between diferent 
species through conjugation, transformation, or transition. 
{In adltion to this, mutational variability is also one of the 
major factors of genomic diversity in E.coli Pulingam etal 
2021), This higher genomic diversity makes E.coli more host 
and niche specie and diverse at the same time. E, coli 
Phylogenetic relationship demonsrates its diversity that 
exhibits a wide host range including human, wild and 
domestic animals. coli has been reported in infections 
‘emerging fom diferent environments and around the world 
With some common and diverse genes clusters (Fig. 3). Over 
the last 100 years. coli host shift alsa taken place jumping 
from wild animals to domestic animals in Mexico. Such host 
shift pattern might be available throughout the world, as 
‘round the world anthropogenic activities and 
industalization disturbed the natural habitat of the wild 
animals which resulted in such shifts (Fig, 4) (Yuet al-2021) 


Genes for Multi-drug Resistance in E colf 


Genes encoding antimicrobial resistance against different 
sntbiotics classes have emerged in Eco from bots humans 
and animals’ origins. E coli exhibits extremely great genetic 
diversity and, antimicrobial resistance (AME) genes in E 
colt are located variably on chromosome and. plasmids 
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Mollidrag Resistance in E, col 


Fig: Estimated nunber of deaths 
in divene ares of the world by 
2050 (Plingam etal. 2021). 


Fig. 2: Diseminaton of colistin 
restaant E col strains having mer 
‘omatogues (Dadashi etal. 202) 


Fg. 3: Pylogenctic map of Eel 
genomes “olued from dierent 
‘sts foeatons, and year (Margy 
tal 202), 


Phylogroup | Source | Yoar Location 


It also contains a wider variety of mobilome. Most of the these genes mobile via plasmids and transposons. In other case 
'AMR genes in E. coli are moved through different mobile integrative MGEs play role to move these genes. Some genes 
‘genetic elements (MGEs). Intracellular transpowition make arealso the prt of integrons and move by insertion sequences 
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AMR genes and diverse MGEs in E.coli are transferred via 
plasmids, thos making horizontal gene transfer (HGT) a 
‘major component in AMR genes spread, Drug resistance in 
E.coli is mainly caused by mutational modifications as well 
as by gene transfer methods including conjugation, 
transformation and transdction. Spontaneous mations 
count for resistance in E, coli against Rifampicin by 
altering the rpoB gene (Leckitcharoenphon et al. 2021 
Pulingam et al. 2021), Due to the extacedinary diversity of 
the genome and wider host range of £. coli, finding new 
AMR genes and their spread mechanism is still under 
research, however a number of AMR genes around the world 
thas heen identified in vast variety af host ranges for carrying 
antimicrobial resistance. 
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Fig. 4 Phylogenetic analysis 
showing mining of wild and 
‘non host from ast 100 yea, 
Ahi stows the col jumping 
events among. wild, “domestic 
Sninuls, human and eavcenment 
‘Mturphiy et al. 202, 


ig. lutzatin of AMR genes 
fautser to Haman, Anil and 
Envisonment posing severe 
‘nce fr One Heath (Djndevie 
an! Morgan 2019), 


AMR Genes Mobility and One Heath Challenge 


Higher diversity and variability of MGEs in E. coli 
presumably makes AMR genes more vulnerable to transfer 
rot only within species but to intraspecies nocmal flora 
Pathogens and environmental microflora and then Pecomes 
‘constant challenge for humn animals and environment. 
“Multiple AMR genes harboring MDR ad XDR strtins have 
heen isolated throughout the world from human livestock, 
vwld animals, soil, water and food. This greatly posing a 
concern that along with human, animal and environmental 
health, food security wil also bea one of the major changes 
‘duc to the spread of AMR in future (Djordjevic and Morgan, 
2019), Fig. $ shows an illustration of AMR genes transier 
itrough HGT and impact on One Heath 
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Conclusion 


£. colli gram negative bacteria, having wide variety of host 
range, ubiguitous in environment due to flexible growth 
‘requirements and highly diverse genome. The genome ofthe 
E. coli harbors several AMR genes which are located on 
‘chromosome and plasmids. The presence of wide variety of 
‘mile genetic elements makes AMR genes more vulnerable 
to move intracellularly and extracellularly. Due to the 
‘widespread of AMR genes globally MDR and XDR strains 
fof E.coli has been emerged. Antimicrobial resistance is a 
rapidly expanding issue in the world. On every passing day 
"AMR genes are being spread at an alarming rate. Ths spread 
‘of genes is among interspecies as well intraspecies through 
horizontal genes transfer and this spread posing a severe 
heath concer for husnan, animal and environment 
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INTRODUCTION 


Behinococcosis is a zoonotic parasitic disease with global 
dlstrbution lis endemic in rurlsheep-raising reas. in ra 
hydatid cysts disease is yperendemic, with high socio 
cceanomic effects due tothe infection of humans and thee 
livestock (Benyan etal. 2013: Shnawa et al. 2021). The 
parasite hasan indirect life eyele requiring two hosts, Firsts 
the intermediate host in which the eysts can develop in 
several organs of humans and domesticated mammals such 
as sheep. cows, buffalo, goats. camels, and pigs. Second is 
the final host in which the adult worms develop inthe small 
intestine of carnivorous animals such as dogs, and other wild 
canids, which pollute the soil with the infective eggs 
{evacuated with thir feces (Issa et al. 2022) 

Echinococcus granulosus is parasitic worm (Cestoda) and 
isthe causative agent of hydatidess oc hydatid cysts disease 
‘This is atributable to the development of the larval stage 
(hydatid cyst) in various human organs (Hizem et al. 2020), 
‘The main way that humans become infected is by consuming 
cova of the parasite that are secreted with the faeces of the 
definitive host and contaminated food, soil, and water. The 
ingested eggs hatched and released embeyos in the small 
intestine ofthe intermediate hess, which then passed through 
the intestinal wall and wander through the Bloodstream to 
various tissues primarily the hepatic and pulmonary tissues, 
‘where they developed to give the larval stage or the hydatid 
cyst Eckert etal 2017) 

Currently, treating hydatid eysts appears to he dificult and 
complex: however, there are a number of therapeutic 
Approaches available, including the use of chemical agents 
like benzimidazole derivatives, PAIR (deneting: puncture, 
Aspiration, Instilaion, and PAIR (denoting puncture 
‘Aspiration, lnstillation, and Re-aspiratin J, surgery and even 


"watch and wait.” (Craig etal. 2007), The most significant 
problem after hydatid cyst surgery is protoscoleces 
dissemination into the patients viscera as a result of cyst 
rupture and hydatid uid leakage, ultimately resulting in 
serious complications (Ormeci 2014). Meanwhile, studies 
revealed thatthe common scolicidals had some side effects, 
including cimbosis, biliary cholangitis, and sclerosing 
‘cholangitis (Rajabi 2000: Sharali et al. 2017). According to 
the literature, PAIR reportedly uses a variety of scolicidal 
agents, including albendazole, 95% ethanol. hypertonic 
saline Solution, H2O2, silver nate, and eetrimide. However. 
many of theve agents have side effects that limit how often 
they ean be used to treat hydatid eyst disease (Sungur 1979) 
‘There factors motivate scientists to develop a novel solicidal 
‘medication to treat Cystic Echinococcosis (CE). For CE to be 
successfully treated, research into safe and efficient scolicidal 
agents for surgery is urgently neded. 

Due to their ease of use. eco-triendliness, accessibility, and 
nontoxicity. metal oxide nanoparticle fabrication has 
received a Tot of attention verte past few yeas, In addition 
to, their significant and distinctive properties, suchas their 
surface-to-mass ratio that is much higher than that of other 
Particles, their quantum properties, and their capacity 10 
Tusorb and cary olher materials ike drugs, probes, and 
Proteins, nanoparticles have become widely used in medical 
applications (Barznjy etal. 2020). The suceess of numerous 
iisciplines and sciences depends on nanotechnology and 
hnanoscience. "The milerials nanoscale size mikes them 
Suitable for variety of potential applications, including drug 
delivery (Anoop etal. 2020), cancer treatment (Tian etal 
2019), medical teatment (Devi et al. 2019) and other 
applications. Overall, utilizing medicinal plant extracts as 
Potential reducing and stabilizing agents fr the syathesis of 
hanopartcles, such as Za nanoparticles, offers several 
benefits over traditional physical and extremely toxic 
‘chemical techniques (Mittal etl, 2013) 

Recently, the treatment of hydatid cysts has been motivated 
to utilize green biosymthesized nanoparticles as innovative 
scolicdal materials such as Silver, Nickle oxide, Zine oxide, 
‘Titanium oxide. and others. within in vitro, ex vivo, and in 
vivo studies (ram 2020; Shnawa eta. 2021), 

In previous work, the pplication of some nanoparticles, 
priculrly the greene fabrication of nanoparticles, for instance 
Selenium, zine oxide. silver, gold, and other nanoparticles, as 
‘snovel scolicidal alternative to cure echinococcosis he been 
reviewed (Shnawa 2018; Shnawa etal. 2021) 

‘Albalawi etal (2020) concluded in a review that the most 
functional nanoparticles for hydatid cyst disease therapy 
were metal-NPs, metal oxide-NPs, and polymeric NPs 
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Moreover, Chitosan- NPs were proven to be an efficient and 
safe scolicidal agent at a minimal dose and within short 
exposure periods (Firouzch etal. 2021), 

Particles witha single dimension between 1 and 100 nm are 
Jknown as manoparticles. NPs exhibit a range of waits 
depending on their size and surface functionalities. Duc 10 
their small size and larg surface area, NPs are widely used 
in a variety of industries, including cosmetics, electronics, 
and diagnostic and medicinal applications. The mode of 
entry, cellular uptake, and general toxicity of NPS are ll 
influenced by their size. It has been demonstrated that this 
sizedependent toxicity also occurs in the liver. Silver 
particles witha sizeof 10 nm hada higher tissue distribution 
land more oxic effects on the liver when compared to larger 
NPs (40 and 100 nm) (Najahi-Missaout eta. 2020), 


Recent Studies of Greenish Fabricated Zine Oxide 
Nanoparticles (ZnO NPs) 


In a study. Shawa etal, (2021) reported that the green 
synthesis of ZnO NPs originating from Menzalongiflia L. 
Teaves extracts has an effective scolicidal possibility. At 400 
‘ppm concentration after 150 min of expowure, the Zn NP 
‘shoved the highest scoicidal activity with a 100% mortality 
rate. The treated protoscoices frst displayed loss of viability 
in the parasite’ tegument, This was followed by many 
‘mexplological changes, such as disorganization of the rostllar 
hhooks and loss of calcareous corpuscles as shown in Fig. 
Most recently. ina study, Lavandula angustifolia extract was 
‘used by microwave technique. Several concentrations ofthe 
een synthesized ZaNPs (50, 100, and 200 yl) were used 
alone and in addition to Albendazole (100 pg/ml) in an in 
vitro and ex vive model. By measuring the Caspase-3 activity 
‘of protoscoleces treated witha variety of concentrations of 
ZaNPs, the induction of apoptosis in hyd cyst 
protoscoleces was evaluated. At concentration of 200 g/ml, 
ZaNPs bad the highest level of scolicidal activity, kiling 
51.6% of proescolices. The protosclices were killed by 
these nanoparticles and ALZ. after 10 minutes of exposure, 
particularly ata concentration of 200 g/ml (Shakibate etal 
2022). According to these results, ZaNPs and albendazole 
together demonstrated a power protoscolcidal in vitroand ex 
‘vo nanoparticle model against the treatment of hydatid cysts 
Morcover.Z.spina-christ leaf extract was used in another 
investigation (Shnava et al. 2022a}- After 60) minutes of 
exposure, 400 giml of Zi0-NPs exhibited the highest 
fantparastic activity with a 100% mortality of the treated 
Frotoscoleces, Many morphological alterations and 
lsorganization of rostellar hooks, presence of tegumental and 
suckers allration have also been reported as shown in Fi. 2 
These authors documented several morphological 
alterations. The safety and biocompatibility of this 
‘nanoparticle against RECS were also confirmed in which 
different dosages of Zn0-NPs were considerably less than 
the positive control. This research proposes that 
phytochemicals such as polyphenols in the plant extract 
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behave as reducing and stabilizing agents for the creation of 
Za0-NPs (Shnawa etal. 20223), 

‘The antimicrobial mechanisms of ZnNPs were proposed. 
“These nanoparticles can apply ther antimiceobial properties 
though a variety of molecular mechanisms, including 
preventing cell growth, changing the permeability of cell 
membranes, promoting induced programmed cell death 
(apoptosis). inhibiting the production sf H202 and thereby 
inducing oxidative stress, and raising the concentration of Zn 
in dhe environment prior to entering the body (Sirelehatim et 
al. 2015). Additionally, among the fundamental molecular 
‘ction processes, there isthe motivation of programmed cell 
death, also known as apoptosis. Recent findings 
‘demonstrated that ZaNP doses of 50, 100, and 200 ghal had 
induced apoptosis at 13.4%, 27.3%, and 3484, respectively 
‘dependent on the caspase-3 enzyme (Shakibaie etal 2022), 
Similar to this cater studies found that ZaNPs significantly 
increased apoptosis by upregulating the genes for caspase-3, 
‘caspase, caspase-9, Bax, LC3I Atg 5, p53. and Beclin 1 
‘genes increasing the production of reactive oxygen species. 
fnd decreasing the mitochondrial membrane potential in a 
variety of cells, including human ovarian ‘cancer cells 
(SKOV3), and mouse Leydig cell line (Wang et al. 2015: 

ing etal. 2018; Jalil et al. 2022) 


Recent Studies of Green-based Synthesized Silver 
Nanoparticles (Ag NPs) 


‘Ag NP biosynthesis is a very elfcient process for creating 
less toxic nanopanicles. study wilized three different plant 
extracts from the leaves of Piper nigrum, Zicjphus spina 
christ, and Eucalyprus globubus for the biosynthesis of Ag 
NPs. The scolicidal activity ofthese nanoparticles against 
-ranulosus bas been studied. The outcomes showed thatthe 
scolicidal rate of 47.8% alter 45 mia forthe Ap NPs derived 
from Evcalyptur globulus was comparable 1 that of 
albendazole treatment (Salih etal. 2020). The proportion of 
mtallic ions in the solution to the capping and stabilizing 
‘gents determines the metallic mnoparticle size. The amount 
ff Ag nanoparticles increased with the umount of capping and 
Salblizing agents present in the higher concentration of plant 
extract (Kohn Baghkheira et al. 2016: Moazeni et al 
2019). The released Agt gave rise to the Ag nanopaticles 
fytotoxicity. Numerous mechanisms explain cell death 
through interactions with Age, Ag ions cam interact with the 
proteins disulfide bonds and alter the microorganism’ three- 
dimensional structure. The organisms’ functionality. is 
prevented by that interaction (Ahmed etal. 2016). Creating 
‘complexes with DNA and RNA, breaking mitochondrial 
membranes, and proton motive force are some adlitional 
mechanisms (Medici et al. 2019). 

In a recent study, in vitro scolicidal effectiveness of the 
biosymthesized AgNPs from Zizyphus spina- christ leaves 
against E_ granulosus protoscoleces was pointed oat 
Numerous morphologic changes were noted on the 
protoscoleces by both optical as well as seanning electron 


Unique Scientific Publishers 


‘Anil Echinococcus 


microscopy examination, as illustrated in Fig. 3 Uli et al 
2021), Further. this study proposed the biocompatibility of 
‘Ag NPs as lysis of erythrocytes at various concentrations of 
‘Ag NPs was considerably (P<0,05) lower than the value of 
the positive contral 

Ina recent paper, Hamad etal. (2022 a) performed th frst ia 
vivo evaluation of Ag NPs by Z spina-chrisi leaves in 
BALBJe mice. In comparison to the untreated infected mice, 
the treated-infected mice displayed a variation in the liver 
‘hyatid cysts’ appearance from hyaline to milky cloudy. This 
study also showed that Ag NPs administered orally to 
BALB/c mice (50, 100, 200, and 300 mg/kg) for acute short- 
term toxicity didn’t cause any signs oe adverse consequences, 
and no mortality. Moreover, the histopathological results in 
the intestine, kidneys and hepatic tissue ofthe animals treated 
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Fig. 1: ARB, dead protoscolies afer 
exposure to ZnO NPs and stuned wath 
sin The protosclices ate damiged 
tnd Tose their hooks (Sbnuwa et al 
bom). 


Fig. 2 (A) Evagnatedprtoscoleces 
tuted with ZanO-NPs, White-coloed 
anoparicles (N) attached to the 
tegument of the parasites the arrow 
Signin the adma region, (8) 
Proossclex incubsted with Za0-NPs 
displays contacon of soma, tepion 
{arrow And disorganization of rostllar 
hooks (H). abe, the existence of 
tegumental” and” suckers alteration: 
Suckers (5), Honks (FH, (Shnawa eal 


Fig. 3: A&B. protoscolees incubated 
With Ap NPs, exhbi the existence of Ag 
NPs and the development a Bl with 
‘morphological change. The Ag) NPS 
ccumulte like white constuction on 
the protscoleees Jali etl. 2021, 


with Ag NPs exhibited moderate histological impacts in 
contrast to the control ones, as illustrated in Fig. 4. The 
histological seetions ofthe hydatid eyst in mice administered 
wth 200 mglkg showed rupture and destruction of the 
laminated and germinal layers. The findings also revealed 
that dhe cyst wall was destroyed, and vacuoles formed 
between the laminated and germinal layers, 


Recent Studies of Green-based Synthesized Nickle 
Oxide Nanoparticle (NiO NPS) 


{anor work. Z.spina-chrisL leat extract was used for 
synthesizing NiO-NPs, ‘They pointed out that the green 
fabrication of NiO NPs possesses a powerful antioxidant 
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‘ig. Hydatid cpt rom infected mice weated with ARNPS The hydatid ets ayer is destjed. The (LL) laminuted layer converted to 8 
loose Layer witha vascular appearance. The LL scemed thin and separated rom th (GL, genial layer, ined wit bematoxsin and eosin 


(Harnad al 20223. 


‘action and minimal toxicity on the RBCs and seem 
hhemocompatible. A high scolicidal action against 
‘granulosus with an efficient antibacterial aetion on 
Escherichia cali and Staphylococcus aureus was also 
‘reported (Shnawa etal, 2022), 


Recent Studies of Green-based Synthesized Copper 
Nanoparticles (Cu NPs) 


Ina study, the effects of copper nanoparticles (CuNPs) on 
hydatid: cyst protoscoleces' in vitro and ex vivo were 
investigated using C. spinosa extract and when mixed with 
albendazole (ALZ). Protacoleces were exposed to different 
concentrations of CuNPs (250, $00, and 750 mg/mL) 
separately. as well in combination with Alhendazole 200 
‘mg/mL. Ata concentration of 750 mg/ml. in vitro, CuNPs 
displayed their maximum protoscolicidal activity. killing 
TRG of protoscoleces alter 60 minutes of exposure. 
However, alter being exposed for 10 min to 750 mg/ml. of 
(CuNPs together with 200 mgimL of ALZ, protoscolees died 
ata rate of 100% (Ezzatkhah etal 2021). The results of this 
investigation demonstrated that CuNPs, particularly: when 
combined with Albendazole. have strong. prosascoliidal 
clfects 

Furthermore, CuNPs at concentrations of 250, $00, and 750 
‘mg/m increase the activation ofthe caspase enzyme by 20, 
32, and 36.1% respectively, after 48 hours of treating 
protoscoleces, The outcomes also demonstrated thal, even 
though the potential protscolicidal mechanistic action of 
CuNPs is not fully clarified, one of the primary 
protoscolicidal mechanisms of CuNPs is inducing apoptosis 
through caspases (Ezzathhah et al. 2021), Further, the 
‘mechanism of nanoparticles has been clucidated by previ 


studies as Mikami et al. (2013) explained the biological 
action of old NPs by the creation of ROS, oxidative stress 
DNA harm induction, and cell eyle effects. Moreover, this 
biological metal affects the tegument of the partite and 
imbibits the synthesis of proteins (Kar etal. 2014). So the 
tulrastructral variations in the tegument are suggested to be 
8 probable act of the NPs asa inhibitor ofthe synthesis of 
proteins (Napooni et al, 2019) Table {illustrated the updates 
‘on the effectiveness of biosynthesized nunoparticles against 
E- granulosus prosscoleces. 


Proposed Mechanisms of Action 


‘According to previous studies, the treated protoscoleces with 
plant material oF bile ack-like ‘chencdeonycholic cid 
displayed decreased viability as well as morphological 
alterations. including the soma region contracting. bleb 
development, restellar disorganization, loss of the parasite 
hooks, the obliteration of microtrches, and the formation of 
vesiles and lipid droplets (Shi etal. 2016: Shnawa etal 
2017), Additionally, since microtriches are directly linked to 
‘utrition absorption, the structural changes ofthe tegument 
affect the mierotrches, which may interfere with 
Protoscoleces nutrition (Xing etal. 2016). The tegumental 
alteration, rostllar disorganization, loss of rostllum hooks, 
tnd the formation of numerous blebs on the tegument were 
‘mong te changes inthe protoscoleces. Previously, the same 
finding was seen in protoscoloces incubated in the existence 
tf a variety of chemical substances, involving praziquantel 
and albendazole combined, flubendazole. thymol, and 
hitazoxanide, The minoparticles exer their effects in various 
‘ways by disrupting DNA , preventing protein synthesis, and 
creating fee radicals (Bajwa etal 2022), 
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‘The ability of hydatid fluid antigens to cause apoptosis in 
surrounding tissue was demonstrated by a rocent study that 
revealed a high percentage of caspase-3 in mouse liver 
samples (Hamad etal. 2022). It is a parasite strategy for 
surviving and managing the immune response, according 10 
Hussein et al, (2020). and found that the parasite could 
stimulate apoptosis in hepatic and spleen tissues aftr the 
induction of a cystic echinococcosis mouse model 
Immunohistochemistry analysis also demonstrated that 
cytokeratin and caspased levels were higher in echinococcus 
tissues than in healthy tissues. According to Yang et al 
(2022), Hepatic echinococcosis causes the liver to express 
high levels of eytokeratin and ether molecules related to 
apoptosis, which indicat iver damage, as shown in Fig 5 


Conclusion 


According to previous research, the use of nanoparticles 
slong with albendazole eradicated the parasite within in ie 
‘ex vivo, and in vive; nevertheless, ational research is 
needed to evaluate the elficacy and safety of these NPs as a 
promising scolicidal agent in the preclinical setting (in 
animals) and clinical setting, not only when administered 
intraperitneally but also via other routes like’ oral 
‘ministration, The induction of apoptosis throgh caspases 
is one of the main mechanisms. even though the potential 
protoscolical mechanisms of NPs are not fully understood 
‘But it’ important tounderstand how these biogenic NPs work 
against CE atthe cellular and molecular levels 
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lg. S: The pseu mechanism of gren synthesized nanoparticles against hydatid eat protsclies. 


‘These may offer a fresh perspective on NP targets and 
possibly the opportunity to develop a new, more potent drug 
for human CE on an immediate basi. 
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INTRODUCTION 


Mastitis oe simply put as the inflammation of mammary 
lands, is a glohal challenge faced by dairy farmers that 
results in major economic losses for the dairy industry 
(Hogveen etal. 2011; Gomes and Henriques 2016; Jamal et 
al. 2018). Mainly, these losses are attributed to reduced milk 
‘quality, lower milk yield, and increased use of drugs, 
particularly antibiotics that is farther linked to some major 
problems ike the antibiotic resistance phenomenon (Miller et, 
al, 1993: Azoar etal 2020), Some other economic losses us 
‘4 consequence of mastitis include the increased expense of 
Yeterinary services, increased culling rate, and sometimes 
even deaih ofthe animals (Kumar etal 2010). Onan average, 
‘farmer loses around S147 per cow per year due to mastitis 
(Hogeveen etal. 2019), Mastts is aterm used to indicate 
Inflammation ofthe udder in marnmals. More accurately the 
inflammation of udder parcachyma is refered as mastitis. It 
is characterized by ustal inflammatory signs seen on the 
‘udder. These signs can include edema, swelling, increased 
temperature ofthe udder and abnormal physical and chemical 
‘characteristics of milk being produced by the alfected udder 
‘Radostts etal. 2006; Paramasivam et al. 2023), Masti is 
classified according to the appearance of clinical signs as 
clinical or subclinical (Antanaitis etal. 2022). Furthermore, 


clinical masts can be acute, subacute, of per-acule 
{depending on the severity of clinical signs (Kibebew 2017), 
The subclinical status of mastitis is dhe main hurdle i its 
ccntrol as it shows no visible signs (Abebe et al. 2016) 
Although, several efforts like the "Five-point-plan” and 
lntibiotc therapy have been put into practice to control 
‘mastitis (Hossain etal. 2017; Breen 2019). However recently 
the misuse of antibiotics in animals has led to the 
development of antibiotic resistance in pathogens of mastitis 
making it even more difficult to cure (Gomes and Henriques 
2016). The rise of antibiotic resistance hence needed a 
Femedy in the form of some ther altematives besides 
‘conventional antibiotics and the best of these turned out to be 
plant extracts (Zaatout 2022). An important reason for using 
Plant extracts yas ther easy availability and afoedability 
(Rakbliya etal 2013: Yusuf et al. 2022). This chapter aims 
to explain antibiotic resistance in some important pathogens 
‘of mastitis along with its causes, effects. and treatment 


Antibiotic Resistance 


Antibiotic resistance is a hot topic of several heath security 
debates among concerned authorities of various countries. 
‘Antibiotics are our only chance against pathogenic bacteria 
and in recent years, widespread misuse ofthese drugs has aso 
played a role im making our only weapon of defense, blunt 
{against enemies (Oliver and Murinda 2012), The oly way to 
undo our outrageous mistake is to closely moniter the 
surveillance of healthcare policies and prucices by 
policymakers, researchers, and prescribers to mitigate the 
‘complex task af antiioticresistance in the new eraof science 
(Velez and Sloand 2016). Antibiotic resistance in microbial 
_germs isa complex provocation worldwide. This villain ist 
just another healthcare challenge of science bt «badd that 
‘comes with scoundrels that go by names of "high morbidity” 
and "high mortality" (Akova 2016). Antimicrobial resistance 
is also a matter of grave concern for health professionals and 
‘etrinarians alike because itis suspected to be taiferable 
fom animals to humans through the food chain. This isthe 
focus of moder research related to antimicrobial resistance 
(Piddock etal. 1996), 


Antibiotic Resistance against Masttis 


Betalactams have been use for along time forthe treatment 
tf mastitis worldwide. Recently, there has been a sharp 
decline inthe efficiency of hetn-lactams due tothe synthesis 
fof beta-lactamase enzymes by bacteria to resist the eflect of 
these drugs. Beta-lactamase is encoded in the hacterial 
‘genome by blaZ. (Olsen etal. 2006). Some bacteria alsa have 
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‘amecA genome that codes for low-affinity penicilin-hinding 
proteins (PBP2a}. These proteins mediate methicillin cr 
‘oxacillin resistance mechanisms to nullify the elfectiveness 
‘of beta-actams (Sawant etal 2009) Bacterial pathogens also 
thaye natural defense systems against antimicrobial drugs. An 
ceximple is the leading causative agent of masts is 
Staphylococcus (S.) aurews. It has a lower cure rate as 
‘compared to other mastitis agents, This lower cure rate is 
supposed to he because of the ioflen-forming abilities of this 
hucteria (Taponen and Pyérili, 2009). Biofilm-forming 
ability reduces the susceptibility of S. aureus against various 
fantimicrobial drugs by reducing the dilfusing efficiency of 
these drugs inside the biofilm matrix. Besides, providing S. 
‘aureus with antimicrobial resistance this biofilm also grants 
itenhanced bacterial adhesion ability to colonize mammary 
cells more easily and helps i evade harsh conditions and 
attempts of phagocytosis by the hosts immune cells, Biofilm 
falso increases the persistence of infections caused by S 
lureus. There is an ict locus present in the genomes of S. 
‘aureus aod S epidermidis. This locus encodes ica and icaD 
‘genes that are majrly responsible for biofilm formation 
‘Arcola eta. 2001), Antimicrobial resistance is also a public 
‘alt hazard forhumans along with animals ts sponsible 
for low cure rates against bacterial diseases despite the use of 
antimicrobial drugs. Several strains of S. aureus recently 
collected. from mastti-atfected udder mill simples are 
found to he resistant to varius antimicrobial drugs (Table I). 
These drugs include gentamicin, pencili-G, streptomycin, 
ampicilin, oxytetracycline, and ciprofloxacin (Kumar etal 
2011: Singh etal. 2018). 


Methicillin-Resistant Staphylococcus aureus (MRSA) 


S. aureus is a covcoid bacterium of Gram-positive nature 
Being a coccoid organism means its cells are arranged in 3 
‘rape-tke iregular pattern, Usually. they reside in humans 
fand animals as normal flora. It is found widely among 
Ihumans with 30-40% of adults being asymptomatic eaters, 
leis considered a major culprit for infections in humans. It 
can produce a wide variety of infections in humans ranging 
from skin infections of and food poisoning of mild nature up 
to severe infections thal can be fatal inthe end, The discovery 
‘of mthicilin-resstant §- aureus was primarily reported i 
1964 shortly after the launching of antibacterial agents or 
antibiotics for cinical use (Conly and Johnston 2003, Taiwo 
2011: Onemu and Ophori 2013: Kobayashi etl. 2015; Keng 
etal. 2016), 

‘After that these pathogens began to multiply rapidly starting 
‘global epidemic of Methicilin-resistant 8. aureus (MRSA), 
‘This wave was flt in bath community centers and healthcare 
systems (Weinstein and Fridkin 2001; Appelbaum 2006: 
Loomba eta. 2010). Isolates of MRSA from Denmark and 
the UK during the early phase of the 1960 were the very frst 
indicators of an upcoming epidemic. The methic 
resistant clone of S. aureus was introduced at that and since 


then it has emerged as a pathogen of utmost importance ia 
human medicine that gives the premonition the cra of 
antimicrobial resistance (Pinho et al. 2001: Lee 2008: 
Harkins etal, 2017) Despite methicillin being out of practice 
and being replaced by isoxizolyl penicillins, particularly 
fAgcloxacilln in the UK. itis ony out ofthe prescriptions for 
Patients. Sil it has been a nightmare for de researchers. The 
acronym MRSA has sil stayed as a nightmare reminding 
people ofthe upcoming dark times Jobson 2011), 

MRSA terminology i being used to characterize antibiotic 
resistance of icleria to penicillins, cephalosporins, and 
carhapenems, Later, these bacteria have the tendency to 
develop resistance 10 quinolones, aminoglycosides, and 
macrolides (Okwu et al. 2012; Arunkumar et al. 2017; 
Adhikari et al. 2017). ‘The origin of MRSA was a 
‘consequence of Staphylococcal Cassete Chromesome mice 
($CCmec) genes heing acquired by methcillin-susceptible S. 
aureus (MSSA), These genes, SCCmec, harbored the mecA. 
fgene. It yas the gene that the penicilin-binding protein 
(PBP2a) encoded in itself leis the ain culprit that conferred 
Fesistance to all bacteria against filactam antibiotics 
(Rodriguez-Noriega etal. 2010; Arunkumar etal, 2017; Otta 
2017: Sit etal. 2017). 

SCCmee gens also contain the gene complex of casstte 
‘chromosome recombinases (cer). The ecr genes mediate the 
integration and excision of SCCmee from the methicilin- 
fesistant bacteriums chromosomes and into the 
‘chromosomes of susceptible bacteria. as itis composed of 
‘ec of a pair of eerA and corB, and encode recombinase, 
“The genes of cer and surrounding genes make the complex of 
cer genes. SCCmee contains a few genes and various other 
mobile genetic elements. These elements include insertion 
Saquences, transposons and plsmids along with cor and mee 
_gene complexes (Milhirigo etal. 2007: Okwu et al. 2016) 
Several different types of SCCmee numbered around eleven 
(0-X1) and some allotypes of the eer gene complexes that are 
up to five (ccrABI, ccrAB2, ccrAB3, ccrAb, and ecrC) 
have been reported. Usually hospital-aequzed MRSA (HA- 
MRSA) is caused by SCCmcc types I I. ll, VI, and VI, 
While community-acquired MRSA’ (CA-MRSA) includes 
types IV, V. and VIL while livestock-assocated MRSA (LA- 
MRSA) includes types IX. X. and XI Amirkhiz etal. 2015; 
‘Okwu etal. 2016), 

Methicilin-resistance gene expression in §. aureus is 
‘commonly controlled and regulated by dhe mecl or blal gene. 
‘These meel and bal gene repressors are under the control of 
the mecRI and blaRI tansducers (Loomba et al. 2010) 
MRSA remains one of the major public health issues 
‘worldwide. Iis also a therapeutic challenge as the treatment 
is costly due to the scarce availabilty of effective antibiotic 
drugs and their eversincreasing prices. The ever-varying 
‘epidemiological patterns of MRSA infections. changing 
resistance 10 antibiotics of common use, and involvement of 
‘community centers and hospitals in spreading infections have 
influenced the utilization and clinical results of presently 
available antibiotic drugs (Rodvold and McConeghy 2014) 
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tal 2018), 


‘One Health Wed 


$a co, Keblell peooniae and Streptococcus agalactiae (Singh 


Na Aalbities ——Srapntoonca ares Erica coll — Rl prewmonlae —— Sreococcarapalatae 
Tramphenico srs Oe oR 
Cosrimonarle 13798, 28 139% 
‘Teacyelne ase sT40% 36% onaas 
Gentaicin aus 0% om fe 
‘Oflanacin os ee 40% os 
Enylvanycia 31.03% 73% 16% Lo 
‘Anoxeilin anos tons 100% osa38 
Cepilexin 20.68% 138% 48 225% 
Sparfoxacin 0% Petr com 038 
Ciprtiacin 0% 8 406 
‘Vancomycin 31036 36% Fic 
Teicoplanin os sour 20% 
Daayeyeline 0% 36% si. 
Aaitronyein 0% 0% 0% 
Gatos. 31056 56% 29.05% 


‘Vancomycin-Resistant Staphylococcus aureus VRSA) 


Vancomycin is an antibacterial agent and it works by 
inhibiting the production of bacterial cell walls. Asa cell wall 
inhibitor, vancomycin performed its function by binding with 
precursors of a cterial cell wall named Dalanyl-D-alanine 
(Cterminus. Asa result ofthis binding, vancomycin stops the 
crosslinking through a process of transpeptidaton. In more 
fetal in the process of inhibition ofthe production of the 
‘acter cell wall, vancomycin performs its. funetion 
extracellularly and stops the biosynthesis of late-stage 
peptidoglycan. This extracellular activity of ‘vancomycin 
‘results i the acumlation of precursors named UDP linked 
MurNac pentapeptide, The stucture of the vancomycin 
‘complex basically consists of a number of hydrogen bonds 
present between the vancomycin peptide component and the 
Facteral cell wall residue D-Ala-D-Ala So, if there is any 
condition of any other process which wil disturb the binding 
fof vancomycin drug with the D-Ala-D-Ala residue, it will 
affect the end resulls, for instance, the potency of the drug 
‘will decrease (Conly and Johnston 2002: Howden et al 
2010). The use of vancomyein against MRSA is increasing 
ay by day and its used in a huge amount fo the treatment 
fof MRSA, the outcomes of this are the emergence of 
vancomycin-intermediate and vancomycin-resistance 
aureus (VISA and VRSA) (Dhanalashm etal. 2010). This, 
Situation is very alarming as S. aureus isa potential cause of 
infoctions in both hospitalized and non-hopitalized patients 
‘of the medical community (Weinstein and Fridkin 2001), 

Many classes ofS. aureus have developed resistance against 
vancomycin in diferent parts of the world. The main thrce 
classes which developed resistance include vancomycin- 
intermediate. aureus (VISA), heterogencous vancomycin- 
intermediate S. aureus (RVISA) and the last one is 
vancomyein-esistantS. aureus (VRSA) (Appelbaum 2007) 
‘The first hospital stain of vancomycin-resistant $. aureus 
(YRSA) was reported in 2002 in a hospital in the United 
States (CDC 2002). When the trials are started t collect the 
van gene from vancomcin-resistant enterococcl, the 


‘outcomes are in the form of the bursting ofthe vancomycin 
resistant strain of. aureus (VRSA) and the MIC value of 
vvancomyein with dhis was higher than 16ug/mg (Chang eta 
2001: Howden etal. 2010; Gardete and Tease 2014). 


Novel Strategies to Mitigate Resistant S. aureus 


Different strategies can be wielded as a weapon to strike off 
the hydra of antbioie resistance in the eaustive microbes of 
‘mastitis which include novel antibiotic development, new 
drug development, nanoparticles, and some herbal extracts 
to. Inthe past two decades, many research studies have been 
done on the herbal way to tackle methicilin-resistant S. 
‘aureus (MRSA). These herbal products are derived from 
various parts ie. wood, leaves, stems, roots, et, of specific 
plants withthe help of specifi extraction agents lke ethanol 
fr methanol, These products have shown specific 
fntimicrobial properties" which enable them to tackle 
“Methicillin-resistant S. aureus (Table 2) (Shopsin etal. 198: 
Yang-Hiwei et al 2008; Hamal etal. 2009: He etal. 2014: 
Jesline tal. 2015; Natarajan et al, 2015: Zaatout 2022) 
Different nanoparticles withhold antimicrobial capacities of 
various intensities depending upon the val. microbe, 
Population of the microbes, resistance properties of the 
microbe and the environment of the microbial population 
Where the interaction occurs between the two (Esteban- 
Cubillo et al. 2006: Theivasanthi and Alagar 201; 
Ramyadew etal. 2012: Subhankari and Nayak 2013: Hazyen 
etal. 2019) These nanoparticles can be used against various 
Fesistant causative microorganisms of both clinical and 
subclinical masts (Table 3) 


Conclusion 


Antimicrobial resistance isu burning issue around the globe 
these days. As there is a lack of novel drugs and the 
development of new antibiotics isn't happening that often 
antimicrobial resistnce knocks down the only shield held 
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‘able 2: Bounicl products that ive antimicrobial propetes to mitigate MRSA. 


No Plant name Family Pat ofthe past References 
ed 
Acacia catch (LL) Wild Fabaceae Wood (Vorsvuthitunchai and Kitpipt 2008: CABI 20183) 
Impatiens balsamina ulsaminacese Lewes (Vorsvuthikunchai and Ktpipit 2008. CABI 20186) 
Waleura rou Melucese Wood (Voravuthikunhai abd Kipp 2005; Aen etal. 2011) 
set mnwsperma Lam. Fabaceae Lewes (Sali aod Pay 2013) 
‘cata ulbida De. Fubsceae Stem Bask (Aliyuet al. 2008) 
‘nchomanesdifformis Engh ‘Araceae Rows (Agu eta 2008) 
Boel senegalensis Del Cappandaceae Rous (Agu et 2008) 
Moringa seers Lam. Moringaccese Lewes (gu etal 2008) 
Mormodiea bustin Lia, CCucuriaceae Whole Pat (Aliyuet al 2008) 
Nvmphaca fru Lin Nymphacacese Let (Akinjogunlae al 2010) 
Paver crasipes K.Schum. Rubiaceae Roots (ga etal 2008) 
12 Piilanhus amare Setun Thonn. Euphorbiaceae Roos (lg et al 2008) 
13. Vernon mendes Hook Aseraceas Asia part (Align et al. 2008) 
1 Macht saicina Hance. Lusrcese—TBL (Cuneta 2012) 
1 Selapinelaamarscina (Seauv) Spring. Selaginllaceae Whole plant Zuoet al 2012) 
1G, Colas erbcatnus Tab, Claswaceae Vane (Zu eta. 2012) 
17. Gives pram CB. Clake CCyperacae Whole plant (Zupet al 2012) 
18. Embela burnt Myrsinacae Lewes (uo eta. 2012) 
19, Wit sour Solanaceae Roots Leaves (Heyman etal. 2000; Vin et al 2012: Nei etal. 2016) 


‘Table 3: Nanoparticles tht have antnicrabil properties wo mitigate the causative & resistant batria of selina and lineal masts, 


No. Microbe Nanoparticle Reference 
TS aureus Zine Nanoparticles (Namasivayan eal 2015) 
“Titanium Nanoparticles (Shopsin et al 1999; Yang ws tal. 208; Hama 2000) 
won Oxide (Webeta eta. 2012: fal eal. 2015: Masadeh etal. 2015), 
Cobalt on Oxide (Kove et al 2015) 
(Copper Nanoparticles (Exeban-Cubill etal 2006; Thivasani and Alagar 2011; Ramadi etal. 2012; Subbankar 
and Nayak 2013) 
Magnesium Oxide (Jeong et a 2007), 
Calcium Oxide ong et al 2007) 
2 Ecol Zine Nanoparticles (Namasivayam et al 2015) 
“Dtanium Nanoparticles (He tl 2014: leslie et al 2015; Natarajan et al 2015) 
‘won Oxide (Behera eal. 201; fal eal. 2015; Mash tal. 2015) 
Sillon & Siser Oxide (Koos et al 2015) 
CCoppet Nanoparticles (Exchan-Cubillo etal 2006; Thivasanbi and Alaga 2011; Ramyadei etal. 2012; Subbankar 
and Nayak 2013) 
‘Magnesium Oxide eang et 2007), 
Calcium Oxide cong eta. 2007) 
3. Klebsiella Coppes Nanopanicles (Extchay-Cubillo etal 2006; Thivasanhi and Alagar 2011; Ramadi etal. 2012; Subbankar 
pewmontae and Nayak 2013) 


von Oxide 


(Behera eta. 2012: flea. 2 


5; Musa ea, 2015) 


against any upcoming disease outbreak or pandemic. There 
thas heen a massive rise inthe antimicrobial resistance in the 
‘causative agents of subclinical and clinical mastitis, among 
which Methicilinesistant S. aureus (MRSA) and 
Vancomyin-resistant $. aureus (VRSA) ure the most 
‘common of prevalent ones. Different strategies can be 
‘wielded as ‘weapon to stike off the hydra of antibiotic 
resistance in the eausative microbes of mastitis which inelude 
novel antibiotic development, new drug development, 
‘nanoparticles, and some herbal extracts to. Inthe pas 90 
decades, many research studies have been dane on the herbal 
‘yay'to tackle mthiilin-resistant S. aureus (MRSA). These 
herbal products are derived from various pars ie, wood, 
leaves, stems, roots, el, of specific plants withthe help of 
specific extraction agents like ethanol or methanol, These 


products have shown specific antimicrobial properties which 
fenable them 10 tackle Methcili-resstant S. aureus 
Different nanoparticles withhold antimicrobial capacities of 
various intensities depending upon the rival microbe, the 
population of the microbes, the resistance properties of the 
Ticrobe, and the environment of the microbial population 
‘where the interaction oocurs between the two. These 


nanoparticles can be used against various resistant causative 
microorganisms of both clinical and subclinical masts. 
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INTRODUCTION 


CChlannydie species ar the causative agent forthe disease 
chlamydiosis. A according to their antigenic content, 
intracellular inclusions, sulfadiazine susceptibility, plus the 
ability to cause sickness, three forms of chlamydiae that 
infect humans are C. trachomatis, C. pneumoniae and C 
psitaci belonging to the genus Chlamydia (Carrell et al. 
2016). Therefore, different chlamydlae may infect animals, 
but seldom or never humans, All chlamydiae share a group 
antigen, have a similar morphology. and reproduce inside 
the cytoplasm oftheir host cells through a certain growing 
cycle (AL-Barzanji 2020). Chlamydiae are the gram- 
‘negative bacteria that lack systems for generating metabolic 
nergy and are unable 19 manufucture adenosine 
‘wiphosphate (ATP). Chlamydiae are strictly intracellular 
pthogens due tothe restriction inside the cells, Thus, the 
host cell provides intermediates that are rich in energy (Tille 
2017). Cervix inflammation, pelvic inflammatory disease 
(PID), urethral inflammation, inflammation of the 
epididymis, LGV and inflammation of the rectum are the 
sexually transmitted diseases caused by C. trachomatis 
When it infects pregnant women, it ean also lead to fetal 
conjunctivitis and eosinophilia pneumonia (Workowski et 
al, 2021). Numerous upper and lower respiratory tract 
infections are produced by C. pneumoniae. About Se of 
acquired pneumonia is caused by common and atypical 
‘pncumonia pharyngitis, which resembles Mycoplasma 
pneumoniae (Hammerschlag et al. 2015). Dealing with 
hirds such as parrots, pigeons, and different household 
avian species can lead! to an acquisition of C. psittaci. 
Paittacosis may be unnoticed or moderate, but it hs also 
heen reported to cause severe pneumonia and sepsis, both 
‘of which have a igher fatality rate (Zhang et al. 2022), 


History of Chlamydia 


‘Conjunctival seraping samples from trachoma patients were 
found 10 include intracytoplasmic inclusions in 1907 by 
Halherstedter and von Prowazck, two of Albert Neisser's 
assistants leading to the discovery of the infectious agent. 
‘These inclusions suggested the term "Chlamydozoa” since 
they were draped around the nucleus (Greck chlamys 
meaning a cloak). This supposed organism believed for 
Protozoa, then a virus, but twas actualy a hecterium adapted 
to live within cells. (Haider 2009: Tasloe-Robinson 2017), 
During a human pritacoss outbreak in 1930, "Bedson and 
Western identified a minute basophilic particle from the 
blood! and tissues of affected birds and humans: than in the 
same year, the Lymphogranuloma Venereum (LGV) 
ccamative agent was isolated from human tissue. These 
paticles were categorized as viruses in the pitacosis-LGV 
igroup because they were not inhibited by bacteria filters and 
‘could not be cultivated on artificial media (AL-Barzanji 
2020). Over the course of the next $0 years, numerous 
tempts to cultivate these uncommon organisms were made, 
but it was’ until 1957 that the trachoma factor was isolated 
ffom chicken-embryo yolk sacs after inoculating them with 
‘material fom affected human eyes Jones etal. 1964; Taylor- 
Robinson 2017). 

For almost ten years following their initial isolation, 
‘hlanydiae were initially believed to be large viruses due to 
their obligate intracellular existence. It wasnt. until 
chlamydine were finally discovered to be a closely related 
[group of gram-negative intracellular bacteria that they had 
heen given their own onder, Chlamydiales, one family 
Chlamydiaceae. anda single genus. Chlamydia (Moulder 
tal. 1984; Satterwhite and Douglas 2013). The infection was 
not recognized as a sexually transmitted disease until 1976 
because chlamydial disease was is identifed inthe eye and 
has a wide variety of symptoms or lack of symptoms that are 
idemical to other diseases or syndromes (Schachter etal 
1976; Balogh 2014). 


Etiology 


Members of the Chlamydiales erder and Chlamydiaceae 
family are the Chlamydha spp. Chlamyliaceae members had 
been first grouped by Everett et al. (1999), Based on 
variations in phenotypic, 168 ribosomal ibonucleic acid 
(RNA), and 238 RNA. Chlamvdia was split into two 
‘genera, Chlandia and Chlamydephila. Recent taxonomy of 
all presently identified Chlamdiaceae species into a single 
‘genus, the genus Chlamdia, has proposed by Sachse et al 
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(2015), Because of their tiny size that may pass through 
O.a5um fillers, the Chlamydiaceae were previously 
‘misidentified for viruses. The Chlamydiae are obligate 
intracellular parasites that depend on their eukaryotic host 
‘metabolic resources to give energy for their own metabolism 
for development and copying. by giving i high-encrzy 
stistances like adenosine triphosphate (ATP) (Balogh 2014: 
Arif etal 2020), 

‘The outer cell wall of chlamydiae is similar o that of gram- 
negative bacteria, This fucterium’s conter dense core is 
fncircled by a cytoplasmic membrane and a double-layer 
fouter membrane, despite the absence of the stiff 
‘peptidoglycan layer seen inthe majority of other bacteria. All 
‘members of the family share a ipopolysaccharide (LPS) in 
their cell walls. There is very litle endotoxin aetion in LPS. 
The major outer membrane protein (MOMP), which is 
specific to each species, i an essential structural element of 
the outer membrane (Arf etal. 2022). 

‘There are 18 serological variation (also known as serovars) 
in C. trachomatis da to variable sections inthe gene encoding 
this protein (Witkin etal. 2017). The C. pneumoniae MOMP 
is homogenous, and only one serovar has been describe, in 
contrast tothe C. psittaci MOMP, which has similar variable 
fareas. All members of the Chlamvdiacege family possest 
‘OMP 2, a second highly conserved outer membrane Protea, 
This eysteinesich protein isin charge of creating the many 
lsu cross-links that give elementary bodies their stability 
(Schlossberg 2015), 


Morphology and Developmental Cycle 


Chlamydiaceae. unlike. other bacteria, haye a distinct 
developmental cycle that results inthe formation of 
‘metabolically active, non-infected shapes termed reticulate 
bodies (RBs) and metabolically inactive, infectious forms 
called elementary bodies (EBs). "EB" is a tiny, 03 ym 
ameter cell that resembles spores in size and hasan 
clectron-dense nulenid. The EBs can connect ta receptors on 
hhos cells and induce absorption by the infected cell despite 
the fact that they eannot reproduce and are resistant to many 
harsh environmental stressors (Haider 2009: Arifet al. 2022), 
In this intracellalae site, EBs changes into RBs, a replicating, 
‘metabolically active form without an electron-dense nucleoid 
that is roughly 0.5-1 jm in size. This type is osmotically 
‘weak since the vast crose-linked proteins are not present in 
RBs, but they are safeguarded by their intracellular location 
{Schlossberg 2015). 

There are five main stages in Chlamydia developmental 
eyele, Following the EB's attachment and upuke, the 
‘metabolically inactive EB is then taken up by metabolically 
active RB. Then the RBs begin to multiply and proliferate, 
‘maturing from noninfectious RB into infectious EB, Finally. 
this hos cell releases new EBs (Whittum and Hudson 2005 
Al-Barzanji 2020, 

‘An acute infection occurs with the EB's attachment 10 the 
‘surface of the eukaryotic cell. Surface microvilli are the site 
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were binding occurs mos! frequently. The atachment to these 
‘ites may facilitate a quick and effective entry since the base of 
the microvilli serves us active transport sites for extracellular 
‘components into the host cells (Escalante ct al, 1998). 

Upon binding. the EBs is internalized in small. endocytic 
vesicles known as inclusions, however the method by which 
the EBs adhere to and enter cells yet unknown. Since then, 
number of unique mechanisms have been suggested 
(Wyrick etal. 1989), These mechanisms include 
microilament-dependent phagocytosis pinocytosis in non- 
clathrin-coated pits, and roceptor-mediated endocytosis in 
lathrin-coated pts (Prain and Pearce 1989), 

‘Two hours afler infection, the new kinds of inclusions 
successfully avoid fusion with cellular Iysosomes, and EBs 
begins to develop into RBs. Fight hours after infection, these 
Riis travel tothe edge of the inclusion and begin replicating. 
‘The inclusion quickly fills in and grove in size asthe RBS 
grow. The RB ofspring re-condense back into infectious EBs 
that is metabolically dormant after a period of 24-48 hours 
When the host cell ruptures or exocytosis occurs 48 t0 72 
hous after infection, the EB are kept in the inlusion lumen 
until they ae freed and ean then invade other cell. The range 
‘ofthe developmental cycle diverges depending on the species 
(Moulder 1991) 


Classification 


Hiaman-infecting Chlamydiae are classified to 3 species, 
trachomatis, C. peumoniae, and C- psitac, based on tit 
antigenic conten, susceptibility to salfadiazine. intracellular 
inclusions and ability 1 cause disease (Carell etal. 2016). 
‘The 3 Chlamydia species infecting human and their 
‘characteristic features have been enlisted in Table 


Chlamydia trachomatis, 
General Characteristics 


Hiamans are vrtally eniely infected with C. trachomatis, 
which causes a number of clinical symptoms, 18 distinct 
serovars of C. thachomutis bave been slentified, cach of 
wich is linked with a different primary clinical symptom 
based on MOMP antigenic differences, The main way that C. 
trachomatis infections spread from person t0 person is 
through dealings with infected secretions. Some diseases, 
including neonatal paeumenia or inclusion conjunctivitis, are 
passed fom mother tothe child aftr birth (Bateiger and Tan 
2015; Witkin etal. 2017), 


Pathogenesis 


Hiamans are the primary host for C. trachomatis’. Whereas 
the processes causing the tissue damage and inflammation 
produced on by C. trachomatis are not well known. The 
chlamydial species may infect a widespread domain of cell, 
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‘Table 1: Chlamydia wih varons features tht cause human discus. 


Proper (Chlandia vache 


‘CHa prema 


‘Chlamna paar 


Ticluson morphology Cicularand vacuolar 


‘Gala and dense 


Tange. etic in shape and dese 


Glycogen in inclusions Yes No No 
emery bay meepbology Ciscalar Citta and pear-shaped Cucalar 
Susceptile sulfonamide.” Yer No No 
Plaid Yes No Yes 
Serorars 18 1 a 
Natural bast Humans Hiranandani Binds 


Mode of transmission 
Major diseases 


“Mathes ocd, person to person 


peur 


‘Altbore, person to person 
Trachoma, LGV ‘STDs, infant and Poeumonia. pharyngitis, boacitisPsitacosis, poumenia 
and sists 


‘Altbone, bind excreta to humans 


including smooth muscle cells, monceytes and epithelial cells 
fof the mucosa and blood vessels, The chlamyilial EB enters 
the bost cell by phagocytosis and is stored in a vacuole that, 
doesnot combine with a lysosome, allowing the organism 10 
survive inside the cell an! avoil the host immune response 
(Darville and Hiltke 2010), 

‘Apoptosis (organized cell death pathways) can be activated 
fr deactivated by chlamydlize in infected host cells In the 
acute infection process, the organism negatively regulates 
inflammation by causing surrounding host damaged cells, 
‘whereas in the event of chronic infection, the organism 
‘maintains the host cells existence by blocking apoptosis, 
enabling it to persist (Wyrick 2010) 


‘The Aspects of Disease 
A. Trachoma 


‘The Ehers Papyrus, which was writen in Egypt 3800 years 
‘ago, provides detailed description of the ancient eye 
tlisease "trachoma", The chronic Keratoconjunctivitis causes 
blindness and scarring aller staring’ at a severe 
‘inflammatory alteration in the conjunctiva and cornea (Tile 
2017). The infection spread through the cantact with 
Infections fluids on hands, towels, o fies. linia trachoma 
is related to the C trachomatis serovars A. B, Ba, and C 
(Batteiger and Tan 2015), 


Clinical Findings 


Chlamydial conjunctival incubation lasts for 3 10 10 days 
‘The contact of organisms with contaminated secretions, 
‘which may be found on clothing fingers a these carried by 
fies resulting in the infection (Satterwhite and Douglas 
2013) 

Lacrimation, mucopurulent discharge, conjunctival 
hyperemia, and follicular enlargement are the carly signs of 
‘eachora. Epithelial keratitis, sub epithelial inflates, and 
the expansion of limbal capillaries into dhe cornea are all 
vishle when the comea is examined under @ microscope 
(pannus). As the pannus extends downward across the 
camea, there are scarring of the conjunctiva, eyelid 
‘deformities (entropion, wrichiasis) and an added insult caused 


by eyelashes sweeping across the carmea (rihiasis). Wi 
secondary bacterial infection, loss of vision progresses over 
a period of years. There are, however, no systemic symptoms 
tr signs of infection (Carrell eal. 2016), 


B- Lymphogranuloma Venereum 


‘A sexually transmitted infection known as 
lymphogranuloma venereum (LGV), which is uncommon in 
North America but it's quite common in Affict, Asi, and 
South America. In Europe, the infection is resurfacing 
Primarily among male homosexuals. Unlike C. trachomatis 
serovars A through K, which allow the mucosa to extend to 
the localized lymph nodes, C. trachomatis serovars LI, 12, 
Lap and L3 are invasive and produce LGV (DeVries et al 
2010; Lefebvre 2014). 


Clinical Findings 


‘Through few days to several weeks a small evanescent papule 
or vesicle may appear anywhere on the external genital 
‘organs, rectum and anus (Witkin etal. 2017). A primary 
‘ginal lesion that manifest itself briefly atthe location of 
the original infection identifies the disease. Particularly in 
individuals who are female, this lesion is usually tiny and 
impossible to see. The inguinal lymph nodes are commonly 
detected by the second stage of acute lymphadenitis, which 
‘causes them to swell and mut together, creating a significant 
region of groin swelling referred asthe bubo (Dewar et al 
2018). During tis stage, an infection may spread locally and 
fesult_ in. granulomatous proctitis or it -may spread 
systemically and produce fever. A small percentage of 
Patients (more women than men) develop a chronic third 
Stage ofthe disease, which resultsin the praduction of vaginal 
hyperplasia rectal Fistulas, rectal strictures, draining sinuses, 
and other symptoms (Chan etal. 2016) 


- Oculogenital Infections 


Particularly in industrial countries, C. trachomatis serovars 
D-K cause w sexually transmitted disease and may also lead 
tan eye infection (inclusion conjunctivitis). Both adults and 
infants could get acute inclusion conjunctivitis trom C. 


Unique Scientific Publishers 


‘trachomatis. Infection is transmitted, when infected vaginal 
discharges are touched into the eyes, or when a newborn is 
delivered through the birth canal (Workowski etal. 2021), 
‘Autorinfection may happen but infequent eases have been 
reported. Additionally, the organism canbe obtained through 
tho tabs that lack proper chlorination, swimming pools, of by 
exchanging eye ‘makeup. The symptoms of inclusion 
conjunctivitis include dilated eyes anda purulent seretion. It 
does not cause adult blindness, unlike trachoma (cr 
‘newborns (Carll etal. 2016). 

trachomatis can occasionally lead in epididymitis and 
‘non gonococcal urethritis in high sexually energized males. C. 
‘trachomatis also causes urethral inflammation, cervicits, and 
pelvic inflammation in females, which can induce infertility 
and raise the probability of an ectopic pregnancy (Falasinny 
etal. 2016) 

Asympomatic carriage in both sexes may remain, frequently 
for months. Many genital chlamydial infections in both sexes 
‘were silent or difficult o identify by clinical standards. Up to 
450% of men and 70% to SO of women with chlumyt 
‘genital tact infections are observed to be asymptomatic 
(Tile 2017), 


D- Perinatal Infections 


Inclusion conjunctivitis affects between one-fourth and one- 
half of infants bora by the women who have C. trachomatis 
infection, The incubation phase typically lasts between 5 10 

2 days after birt, although itcan extend up 196 weeks. Even 
‘though inclusion conjunctivitis affects the majority of babies, 
fe to 20% of them progress to prcumenia. C rchomatis 
infection acquired during pregnancy may las longer than to 
‘years inthe nasopharynx, urogenital tat, or rectum (Chan et 
aL 2016), 


E- Infant Pneumonia 


10-20% of infants who contracted the mother's infection 
‘might sufler respiratory problems 2-12 weeks after birth, 
leading to pneumonia. Infants withthe condition experience 
‘sal blockage or discharge, severe tachypnea, arecognizable 
paroxysmal staccato cough, no temperature and eosinophilia 
(On radiographs, interstitial infiltrates and hyperinflation can 
he visible. An immunoglobulin M (IgM) antibody titer to C. 
trachomatis of 1:32 or greater was regarded as diagnostic in 
such newborn pneumonia, Systemic erythromycin is good 
therapy fr severe patients bat oral erythromycin for 14 days 
is generally advised (Batteiger and Tan 2015). 


Laboratory Diagnosis 


Cytology, culture, direct detection of antigen or nucleic acid 
amplification test (NAAT), and serologic testing can all be 
ted to detect C. iachomaris (Gaydos and Quinn 2008: 
Lefebvre 2014), 
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‘Treatment 


Atituromycin, doxyeyeline, erythromycin, tetracycline 
‘Buoroquinolones and other macrolide antibiotics are 
‘commen drugs used to treat diseases that are enused by C. 
trachomas (Kong etal. 2014), 


Chlamydia pneumoniae 


{In 1965. a Taiwanese childs conjunctiva was the source of 
the initial isolation of the TWAR strain of C. pneumoniae 
[Because the inclusions formed in cell culture like those of C. 
pic, ¢ was peeviousy thought to represent a stain of 
Prittacosis. The newly found strain was given the mame 
“TWAR." an abbreviation for TW and AR, because the 
‘Taiwan “isolate (TW-183) is. serologically’ close to a 
pharyngeal isolate (AR-39) identified from a student in 
college from the United States of America (acute respiratory). 
‘There is just one recognized serotype of C. pneumonia 
(Pospisil and Canderle 2004) 


General Characteristics 


Due to the uniformity of the MOMP, all of the studied 
isolates of C- pneumoniae are immunologically identical 
miking it more homogeneity than both C. trachomatis and C. 
psituac, The pear-shaped form of C. pneumonias EB is one 
major yariadon between it and other chlamydia species 
(Carroll eta. 2016), 


Pathogenesis 


. pneumoniae seems exclusively to be & human pathogen 
and did not determine in animals or birds as a cartie for 
disease. Its spread from individual to individual by nasal 
discharges via respiratory path. Of interest, C. pneumoniae 
infections are both endemic and epidemic. Regrettably. afew 
information were registered about the infection and the 
pathogen of C: pmeumoniae. however it ix analogues to C, 
trachomatis regarding foe simolaion of inflammation that 
contributes to ussue damage (Hammerschlag eta. 2015), 


Clinical Findings 


Pacumonia, bronchitis, pharyngitis, sinusitis, and a lutike 
tlisease have all been relited tC. pneumoniae, I causes SF 
to 108% of eases of eommunity-acquired pneumonia. Young 
adults often have mild to moderate infections; the main 
characteristics of the clinical and laboratory ifferentil 
‘diagnosis are infection with Mycoplasma pneumonia 
(Watson and Alp 2008), 

‘There are multiple diseases of the upper and lower airways 
‘caused hy C. pnewmoniae. Pharyngitis the most frequent 
disease 10 occur. Lower away disease can develop together 
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‘with sinusitis and middle ear infection, Elderly or people with 
Impaired respiratory systems eould gt severe pneumonis. I 
shouldbe noted that C. pneumoniae frequently causes 
asymptomatic infection which is undiagnosed, or the slightly 
Symplomiatie infections. Furthermore, there isa link between 
CC. peuneniae infection and the formation of asthmatic signs 
(Wolff etal 2018), 


Laboratory Diagnosis 


‘The most sensitive test for diagnosing C. pneumoniae 
infections is the MIF test, whichis used in laboratories to 
detect C. pneumoniae infections by cytology, serologic 
testing, anu other means. By ulizing the proper reagents, the 
test is species-specific and may identify IgG. or IgM 
antibodies. Assays known as NAAT are also used to identify, 
. pneumoniae nucleic acid sequences in clinical specimens. 
‘Additionally. pharyngeal swab samples should he placed in a 
‘hlanodia transport medium and kept at 4°C for ell culture. 
C. pneumoniae develops beter in Hl. and HEp-2 cells than 
in HeLa 229 ce McCoy cells (Conklin eal 2013), 


Treatment 


‘Tetacycline, certain uoroguinolones, and the macrolides all 
auld destroy C. pneumoniae. "The treatment of C. 
‘eunoniae infectious diseases with doxycycline, 
azithromycin, clarithromycin, levofloxacin, ar mosifloxacin 
appears to be highly beneficial for patients (Hammerschlag 
etal 2015), 


Chlamydia psittaci 
General Characteristics 


The elementary and inclusion bodies of C. psittaci, 38 well ax 
its sulfonamide resistance, distinguishes it apart from C. 
‘trachomatis. Alhough birds and domestic animals frequently 
‘et this chlamydial species, human infections are very rare 
(Zhang etal. 2022), 


Pathogenesis 


All bird species have an endemic pathogen called C. psittaci. 
Paittacne birds, such cockatiels, parots, and parakeets, are a 
significant source of disease in humans. Employees 
chicken slaughter and working facilities, veterinarians, 
Veterinary technicians, laboratory staf, avian quarantine 
Station staf, taxidermists farmers, animal echabilitator, and 
‘200 staff are among the professions thought to be at the 
highest risk for psitcosis (Kalmar etal. 2014: Vorimere et 
al 2015), 

‘The birds might be asymptomatic oe suffer diarrhea. The 
disease is spread among people by aerosol inhalation. The 


organisms ar released into the alveoli, where some of them 
tc later taken up by alveolar macrophages an transmitted to 
neacby lymph nodes. From there they spread all over the 
body while developing inside the cells of reticuloendethelial 
system. Because human-to-human transmission is 
uncommon, hospital patients are not required to he isolated 
(Balsamo etal. 2017). 


Clinical Findings 


‘Typically, aS to 15-day incubation period precedes the onset 
‘of a disease (Schlossberg 2015). The initial phase might be 
sneaky or sudden. The infection can appear clinically in 
People in a variety of ways, from silent infection or a 
Ierate Nu-like disease 1 a systemic illness with extreme 
‘unusual pneumonia. The usual symptoms of symptomatic 
infection comprises of an unexpected beginning of headache 
fever, chill, malaise and myalgia. Additional symptoms 
include non productive coughing, trouble breathing. chest 
lightness. changes in mental site, and hepatosplenomegaly 
(Chaber etal. 2021), 


Laboratory Diagnosis 


Paittacoss is usually diagnosed using serologic techniques. 
‘Only laboratories with biosafety third stage biohazard 
‘containment facilites may safely cultivate. psittaci due to 
the risks involved in working with the agents. State heal 
agencies actively engage in physician consultations 
‘concerning potential instances (Van Lent etal. 2012: Wollf 
etal. 2018), 

In individuals with suspected psitacosis infections 
complement fixation and indiect — micro-immuno- 
‘Duorescence have been employed to identify anl-C: pitti 
antibodies It is possible to attempt the isolation in cell 
cultures, but i's necessary to keepin mind tht C psitac can 
infect Ib animals, NAAT are not yet available for purchase. 
“Therchave been tests using wide spectrum, multi-species pan- 
(Chlamydia probes (Read et al. 2013: Balsamo et al. 2017). 


‘Treatment 


“The preferred treatment fr psittacois tetracycline, When it 
is not treated, it has a 20% mortality rate (Schlossberg 2015) 


Conclusion 


Chlamydia is microscopic organisons tht proliferate in the 
‘loplasm oftheir host cells and also has distinctive biphasic 
developmental cycles. Chlamydia species that can cause 
human disease include C. trachomatis. C. pneumoniae, and 
psittaci. C. trachomatis the cause of sexually transmitted 
diseases. A range of upper and lower respiratory infections 
are produced by the C. jeumoniae. Just contact with birds 
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can transmit C- psittaci. Psitacosis might be moderate or 
‘obvious, but it has also been shown to cause severe 
‘pneumonia and sepsis, both of which have & significant 
fatality rate. 
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INTRODUCTION 


(Cholera is eaused by the gram-negative bacteria Vibrio (V.) 
cholerae, which in turn causes diarea. V. cholerae occurs 
ina habitat of fresh and salt-water and is endemic to hot 
countries such as Latin America, South of Asia, and some 
areas of Africa, (Baker-Austin etal. 2013 Al et al. 2015) 
“Approximately thre to five million peopl are infected with 
cholera each year, resulting in about 140,000 fatalities, bl 
cof which are children younger than five years old (Ali et al 
2015}, As the global climatic modification and. rising 
temperatures. V. cholerae is spreading to # new areas, which 
is requiring the creation of an emergency research to better 
‘understand this bacterium (Vezzult etal. 2016; Dech etal 
218), Most V. cholerae are “non-O1/0130" environmental 
isolates which may or may not cause gastroenteritis, but only 
strains classified as O1 or 0139 ean cause pandemic cholera 
(Baker-Austin et al. 2018). The genome of V. cholerae 
includes ? circular DNA. Cholera toxin (CT), a protein that 
leads to serious and unique watery diarthea (known as rice- 
‘water sto!"). The toxin s produced by coding genes present 
in CTXphi (CTX9) which isa temperate bacteriophage. The 
Insertion of the viral gene into the DNA of a bacteria is 


necessary forthe production of the toxin (AL-Obuid 2006; 
Arif et al. 2010) 

Due to poor sanitation and hygiene procedures and slow 
treatment and prevention as per inadequate healthcare 
system, cholera is endemic in many developing countries. A 
report by the Islamic Relief Project indicated 1,500 deaths in 
Irag in 2015 due to Cholera outbreak. There has been a new 
tulbreak of cholera in Iraq on 20th of June 2022. The lagi 
Ministry of Health recorded 13 cases, most of which have 
heen found in the Sulaymaniyaly governorae/Kurdistan 
region (Qumar etl. 2022s), 


‘The Causative Agent 


‘he most important characteristics f V. cholerue are; comma- 
shaped, Gram-negative and facultative anaerobic bacteria 
‘The bacteria can survive in salt water environments and 
readily attach tothe chitin of shells of shrimps, crabs, and 
‘other crustaceans. Cholera is potentially fatal disease 
spread by eating raw or uncooked marine life (Tarsi and 
Pruzzo 1999) 

“The bacterium is supplemented witha flagellum at one end 
and numerous pili all over its exterior. Their metabolic 
Processes involve: aerobic respiration and anaerobic 
fermentation, Cholera outbreaks usually caused by two 
different scroiypes or serogroups: OL and 0139, 
(Ramamurthy eta. 2020). 


Clinical Symptoms 


(Cholera is highly virulent disease that can tigger severe 
‘eases of vomiting and watery diarrhea. An individual could 
develop symptoms 12 hours to 5 days alter consuming 
‘contaminated water of food, Cholera is a disease that can Kill 
bth children and adults within hours if they are not treated 
(Azman etal. 2013), Mest infected people with V. cholera 
tare asymptomatic, but the hacteria can live in their stool 
hetween 1 ta 10 days after infcction to he sheded into the 
‘environment, where they can infect others. Most people who 
{gt sick have only mid to moderate symptoms, while a few 
feet extremely sick with acute watery diarthea and seyere 
‘dehydration, shock and finally death I left without treatment 
(Sack et al. 2004 Legros 2018), 


Pathogenesis 


(Cholera specificity isto the small intestine only andl nowhere 
‘else in the body. V. cholerae possess one or more adhesion 
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factors that permit them to stick to the microvilli and 
allowing them to take up residence and grow inthe human 
Small intestine (which is normally relatively fre of bacteria 
duc to the effective clearance mechanisms of peristalsis and 
mucus secretin). Ithas been hypothesized that a number of 
toxin-co-regulated pili and hemagglutinins play an important 
role in adherence, but the underlying mechanism has not yet 
theen understood. It's possible that several mechanisms may 
be involved, Vibrio moility may contribute to pathogenicity 
by allowing the organisms to destroy the mucus barrier. 
Proteases, mucinolstic and neuraminidase enzymes are also 
produced by the bacteria (Ojeda Rodriguez and Kahwaji 
2022), 

Pathogenic genes in V. cholerae express proteins that play 
role in the hacteria's virulence either dirctly or indirectly. 
Outer membrane vesicles (OMVs) which is a protective 
‘membrane modifications is released by V_ cholera and help 
the bacterium adeptation tothe intestines of a host to evade 
the host's defenses, sich as hile acids and antimicrobial 
‘peptides (Ramamurthy et al. 2020) 

By entering the small intestine of a human host, the genes 
encoding virulence factors expression starts to produce txi 
‘corregulated pilus (Tep) and cholera toxin. Cholera toxia, 
‘which is made up of two different pars called CixA and 
CieB, hinds 10 the ganglioside (asyalylated 
‘slensphingolipid) GMI on the cell membrane of intestinal 
epithelium. Once cholera toxin is bound, itis endocytosed 
land retrogradely transported to the endoplasmie reticulum 
(ER), where the toxin's subunits are released. CtsA. subunit 
allosteric activation by ADP ribosylation factor 6 (ARF6) 
‘equires its release from the endoplasmic reticulum (ER) into 
the etosol (Almagro-Moreno et al. 2015). Adenyly cyclase 
is stimulated when the ARF6-bound, active C'A subunit 
catalyzes the ADP-ribosylation of a G protein-coupled 
receptor. Intense diarrhea is caused by an elevation in cellular 
cAMP levels, which in tur stimulates the protein kinase A 
(PKA)-lependent phosphorylation (P) ofthe cystic fibrosis 
‘wansmembrane receptor (CFTR) (Baker-Austn etal. 2018; 
(Chen etal 2022) 


Immunity To V. cholerae 


Pathogenic V. cholerae strains are distinguished from non- 
pathogenic strains by thei ability to produce cholera toxin 
(CT) and a toxin coregulated pilus (TCP) (Baek etal. 2020), 
Bacteria, intestinal epithelial cells and mucus are all floating 
‘within watery diaries, The mucus layer that normally covers 
intestinal epithelial cells performs numerous tasks, such as 
fcting as an energetic protective busrier against ora and 
foreign microbes. This mucus gel layer is yecreted by goblet 
cell which are the specialized cells that line mucosal tissue 
(Comick et al. 2015). tis. postulated that mucin 
‘manufacturing can be altered by’ 2 methods: either by 
‘microbial factors that modify the release and production of 
‘mucin, o by host factors that are peeduced by epithelial cells, 
‘or immune eels in reaction to intestinal bacteria (Cronin et 


al 2020). The effects of CT of the bacteria triggers the 
Production of vast quantities of mucin through a cAMP- 
{lependent mechanism, which contributes to the diarrhoea 
frcation. It has been shown that V. cholerae can use its 
flagellum to invade mucus membranes, while non-motile 
Vibrios are either unable to colonize oe are avirulent (Herath 
tal 2020). Recent research has demonstrated that exposure 
to V. cholerae outer membrane vesicles (OMVs) can prime 
(C44 T eels for an inflammatory T helper 2 (Ta2) response 
and increase expression of the HL-17, IL-13 and IL-4 
feytokines, all of which have been linked to am increase in 
‘uci output (Methem etal. 2021) 

CD44 T cells appear to be influenced by V. cholerae and 
(CT in a way that promotes their differentiation to both Th 
and Th2 cel lineages, with a possible bias toward the later. 
When T cells are activated by intracellular bacteria, they 
usually develop into the Thi cell ancestry and fasten a 
cellular response, by the activation of phagocytes like 
macrophages and cytotoxic Tcells(CD8+T cells) rather than 
antibody production. humoral immune response include B 
‘ell activation and inumunoglobulin generation, = triggered 
by excitation of Th2 cell in response to extracellular 
pathogens (Grondin etal, 2020) 

Tn spite of the significant effort put into studying the 
immunology of cholera and the pathogenesis of V. cholerae 
‘many un-answered questions persist. The most pressing iste 
is developing more elfective cholera vaccines, ds the existing 
me only protect 60% against the disease (Shaikh etal. 2020) 


Diagnosis 


Nevertheless, the criterion fora cholera diagnosis inthe fb 
isthe isolation and identification of V. cholerae serogroup OL 
‘or 0139 from a fal sample through culture. The Cary Blair 
‘media and thiosulfate-citrate-bile salts agar (CBS) are ideal 
for transporting isolation and identification of pathogenic 
hucteria in addition to serograuping V. cholerae isolates by 
specific reagents. Rapid diagnostic tests available for 
purchase are heipfl in times of epidemic but should not be 
used for routine diagnosis because they do not produce an 
isolate for antimicrobial suscepibulity testing ad subtyping 
(CDC 2022), 

‘The standard for confirming a cholera diagnosis, is the 
isolation of pathogen from a stool or rectal swab culture. 
‘Culture should be on alkaline peptone water then streak on 
the media TCBS, or taurocholte-tellurte gelatin agar to 
‘grow the bacteria taken by the swabs. Afler initial culture in 
non-selective media, V. cholerae OL and O139 detection 
must be confirmed by slide agglutination using specific 
‘monoclonal er polyclonal antibodies (Somboonwit etal 
2017; Falconer et al. 2022). However, the distinguishable 
darting motility of V. cholerae, which is inhibited by V. 
cholerae specific antibel, allows for rapid detection using 
{ark field microscopy. which is only about SO% as sensitive 
as culture (Martinez etl. 2010). Rapid and low-cost tests are 
‘crucial forthe diagnosis of cholera in bot clinical and public 
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hnealth settings, Unfortunately, there are currently a few tests 
available, including the the Sensitive Membrane Antigen 
Rapid Test. co-agglutination test. Medicos and the Institute 
Pasteur and Crpstal VC rapid dipsticks, The use of PCR 
says is resticted, and they are only performed in 
specialized labs (Falconer et al, 2022) 


Treatment 


The cholera can be tested with simple medication, When 
given quickly. oral rehydration solution (ORS) can 
clfetively treat the vast majority of patients. One sachet of 
the WHO/UNICEF recommended onal rehydration salts 
(ORS) is mixed with 1 L of purified water. On day one, 
‘moderately dehydrated adults may need as much as 6 L. of 
‘ORS (Williams and Berkley 2018). Patients with diarea 
receive antibiotics to reduce the severity of thet symptoms, 
the amount of rehydration fluids required, and the time spent 
excreting V. cholerae in her feces (Hsueh and Waters 2019), 
‘As long as patents are diagnosed and treated promptly. the 
‘ase morality rate can be kept well below 1°, in children 
‘younger than S years, zinc isan essential supportive therapy 
‘that not only shortens the length of diaruoea but also protects 
against forthcoming episodes of severe watery darrica due 
to other reasons. Encouragement of breastfeeding is also 
important (Lazzerini and Wanzira 2016). Patients are 
typically advised to take doxyeyeline first while children and 
Pregnant women should take wzthromyein, In South 
‘Asia new strains of bacteria are appearing that are multiple 
drug resistance, and they are also resistant to trimethoprim- 
sulfamethoxazole, tetracycline and quinolones. Although the 
Hispaniola strain is multiple drug resistance ican be treated 
‘with tetacycline and doxyeyeline (N'cho et al. 2022). To 
compete the MDR of V. cholerae, non-traditional 
fntimicrobial strategy should be wsed in the treatment and 
management of V. cholerae infection such as Nanoparticles 
(Das et al, 2018). Nanotechnology has recently assumed 
‘greater significance in the biomedical and pharmaceutical 
Sectors as an alternative antimicrobial plan (Desselberger 
2000), When compared to chemical and physical synthesis 
methods, the biosynthesis of green nanoparticles. using 
natural extracts of different organisms offers significant 
economic and environmental benefits (Samuel eta. 2022), 
leishypothesized that their biocidal elficacy results from the 
close interactions with microbial membranes made posible 
by their small size (100 am) and high surfuce-to-volume ratio 
(Mocones et al. 2048: Allaker 2010). Another perk of 
inorganic antibacterial agents like metals and metal aides is 
that they are more stable than organic compounds which are 
more susceptible to degradation (Sawai 2008; Sondi and 
‘Salopek-Sondi 2004), Zinc oxide, in particular. has garnered 
interest as a potential antimicrobial agent among these metal 
‘oxides. ZnO prevents the attachment and endocytosis of 
enterotoxigenic V. cholerae (Sarwar etal 2017), 

In addition, Zn0's nanoparticle size makes it @ potential 
buctericdal agent by inducing the generation of harmul 
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oxygen radicals that can cause damage to DNA, cell 
membranes, and proteins (Salem etal. 2015). 


Epidemiology, Risk Factors and Disease Burden 


‘There are two types of cholera outbreaks: endemic and 
epidemic. In an endemic area, the disease is constantly 
present and has been therefor at least three years (Ecamot et 
al. 2021). In addition 10 endemic counties, cholera 
free countries can also undergo an cpidemic outbreak. 
However, in endemic countries, cholera outbreaks can be 
seasonal or intermittent (Jtla etal 2013). Having atleast one 
cholera case confirmed in cholerae free country, means there 
isan outbreak in & country where cholera is aot commonly 
found (Muzembo et al. 2022). Poor sanitation and water 
supply are majo contributing fctors inthe spread of cholera 
Paces like slums on the outskirts of cities and refugee camps 
ten fll into this category because they lack basic services 
like clean water and toilets. I cholera bacteris are already 
available of are introduced, the chance of spreading is 
increased dae tothe humanitarian crisis effects such a the 
‘destruction of water and sanitation facilities or the emigration 
‘of people to insulicient and overcrowded camps. Epidemics 
have never been linked to non-infected carcasses (Nsagha et 
al, 2015), 


Prevention and Control 


Ending Cholera a global roadmap to 2030, sa strategie plan 
for cholera control, released in 2017 withthe goal of reducing 
cholera disease mortalities to only 10% by 2030, Ie is 
predicted by scientists that about 21,010 to 143,000 
individuals die yearly due to cholera infections around the 
‘world (GTFCC 2022). Cholera authreaks can be contained 
tnd prevented with the help of oral cholera vaccines in 
affected area where this disease is common, Cholera 
‘continues ta he a major health concern around the word and 
isareflection of social inequality and stagnation (Kanungo et 
al. 2022, 

Cholera control requires multiple strategies working in 
tandem. Oral cholera vaccines and therapies are used 
alongside other measures such as surveillance and WASH 
(ater, sanitation, and hygiene) initiatives and community 
tutreach (Kanungo etal 2022) 


Surveillance 


Surveillance for cholera must bea part ofa larger system for 
ronitoring the spread of disease, for international 
collaboration (Newa etal. 2016). Cholera can be detected 
tore easily with the help of rapid diagnostic tests (RDTS), 
‘where the presence af even one positive simple wil authorize 
2 cholera warning (Chowdhury et al. 2021). In order to 
‘confirm the results, the specimensare sen toa lab where they 
‘an be cultured or tested with polymerase chain reaction, The 
effectiveness of a surveillance system and the preparation of 
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control legislation depend critically on the local capacity 10 
detect (diagnose) and monitor (collect, compile. and analyze 
data) cholera occurrence. In order to better identify and react 
tw cholera outbreaks, its recommended that countries at risk 
improve their disease surveillance and national readiness 
When deciding whether oenot to issue an official alr, public 
health officials must always compare the circumstances 
surrounding a cholera outbreak to the standard listed in the 
International Health Regulations (Ganesan eta. 2020) 


‘Water and Sanitation Interventions 


To elfetively combat cholera over the long period of time. 
there is need of an economical investment and ensurance that 
everyone has access to clean water and proper sinitation 
Implementing long-term sustainable WASH solutions 10 
censure the use of safe water, asic sanitation, and good 
hhygiene standards in cholera ‘zones is the primary action 
promoting environmental conditions. In addition to 
preventing cholera, these sorts of intervention stategies help, 
in the fight azainst poverty, malnutriten, and the lack of 
education, Water, “Sanitation, and Hyziene (WASH) 
‘measures to combat cholera are aligned with Sustainable 
Development Goals (SG) targets (Challe al, 2022) 


Community Engagement 


To be “community engaged" is to have people and 
communities take part in planning and exccuting projects 
‘The adaptation of preventative hygiene measures, such a5 
shand washing with soup. sife food preparation and storage, 
and sale disposal of children's stool is greatly facilitated by 
local cultural practices and helifs, as are funeral rituals for 
cholera victims that reduce the likeliood of the disease 
spreading to moumers (WHO 2020). 


ral Cholera Vaccines 


Dukoral®, ShancholM, and Euvichol-Plus® are the three 
currently available WHO-approved oral cholera vaccines 
(OCV). All three vaccines require 2 doses for full protection 
(WHO 20222), 

WHO Position Paper on Vaccines against Cholera in 2017 
stated tht "oral cholera vaccines must he used in locations 
‘with endemic cholera, in humanitarian disasters with a 
{greater risk of cholera, and during cholera euthreaks: always 
in combination ith other cholera prevention and control 
strategies: vaccination should not hinder the requirement of 
‘ther urgent healthcare systems to governor inhibit cholera 
‘outbreaks (WHO 20223). 


Non-Cholera Infections 


‘The most common types of human disease caused by Vibrio 
hhacteria are cholera and non-cholera infections (Baker- 
‘Austin etal. 2018). 


NNon-cholera Vibrio spp. ether thn V. cholerae such 38 ¥. 
parahaemolvticus and V. vulnificus, cause a group of 
infections with varying clinical features based onthe 
hracterium species, route of infection, and host susceptibility 
Mild gastroenteritis or primary septicemia can result from 
ingesting non-cholera bacteria, while exposing skin wounds 
to contaminated water can lead to a wound infection an, 
Potentially, sccondary septicemia. Nan-cholera Vibrio spp 
‘occur saturaly in seawater and seafood, and prefer 
‘environments with a medium to high salinity. These bacteria, 
thrive in aquatic and marine settings (Bauker-Austin etal 
2018), 


V. cholerae in Veterinary Medicine 


‘One of the very important zoonotic bacterium is V. cholerae 
‘which has heen found to infect marine mammals in variety 
af environments, including fresh and salt water (Chen et al 
2022), Dogs can become infected with cholera if they 
‘emnsume a large quantity of food or water contaminated with 
V. cholerae. Epidemics in bison, dogs and cattle have already 
been observed (CESPH 2006), 

‘Though restricted discharge standards have been constructed 
for aquatic wastewater because of the industry's rapid growth, 
lax monitoring inevitably leads to environmental pollution 
and the subsequent spread of pathogens (Chen etal 2022) 
Bacterial infections were a major issue in the onset of 
intensive Allantic salmon farming, specifically cold water 
vibriosis (V.salmonicida V. anguillarum), and farunculosis 
(Acromonas salmonicids ssp. salmonicida). The use of 
antibiotics to treat these diseases was only moderately 
successful first, but vaccination eventually proved tobe the 
most effective method for eradicating them (Novotny et al 
2004), 

Extemal and intemal normal flora of fish typically include 
vibrios, which are common, facultative bacteria. Salmanids 
tnd ofher fish and aquatic animals kept im marine and 
brackish environments are susceptible to vibrosis. Vibriosis, 
also known as saltwater furunculosis, has been linked to 
MAS and furunculoss. V. anguillarum is the most prevalent 
pathogenic species in salmonids (Webster and Lim 2001) 
However, fish ate the vector for the V- cholerae, V. 
parahaemolsticus, V. vulnificus, and V.alginolsicus, ll of 
which are found in the marine ecosystem (Novotny et al 
200), 


V. cholerae in Iraq, 


Cholera epidemics could break out in frag because the 
‘country is onthe path of pilgrims take to reach Mecca and 
houses several important religious sites. During the cholera 
‘outbreak of 1820, many people in Basra, Ing, died. In 
Baghdad, the disease had a similar impact. After tha, the 
tlisease vanished from Ira altogether. oly tare ~ emerge in 
‘August 1966 as part of the seventh pandemic wave, Since 
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then, the occasional outbreaks have continued in Img, After 
the Gulf War in 1991, cholera spread to every governorate in 
Trag, The rural areas suffered the most during the months of 
‘April through November, when the danger level was the 
ishest (Khwaif etal. 2010). 
Baghdad city records represented one-third ofall reported 
cases in lrg during the 1991 epidemic, but for significantly 
Tower percentage ofthe total ctses infected during the years 
hhetween the 180 epidemics of 1991 and 1998. In 1990, 
‘however, Bughdad once again contributed approximately one 
‘hind ofall reported cases. From 1999 to 2005, only 35 cases 
‘were reported an in the three years prior to 2007, there were 
‘no September-December cholera recorded cases in Baghiad. 
Ts 2007, however cholera broke out across Ira (AL-Obaid 
2006 Jameel eta. 2046). 
‘There were 4667 confirmed cases of cholera in Iraq in 2007, 
‘with 136 2.9% of the total) being recorded inthe capital city 
fof Baghdad. In Baghdad, the cases were reported in the 
pried from September to December, Five. asymptomatic 
‘cholera eases were found to be carers (0.5%), There were 
three cholera deaths in Baghdad, to comprise case fatality 
rate (CFR) of 2.2% (Khaif etal. 2010), 
The frequency of cholera outbreaks in Iraq appears to repeat 
every four to five years. After the peak in 1998-1999, there 
‘were four more peaks in 2003, 2007, 2012, and 2015; the 
‘most recent epidemic impacted people ofall ages and had a 
case count of around 3000, This long-term pattern may be 
fattibutable to the period of time needed for the 
‘microorganism to reproduce and reorganize itself in large 
population, or o the buildup of a vulnerable cluster peice to 
the outbreak of an epidemic. Potential contributors t these 
pandemics include a lick of public knowledge about the 
diseases) transmission mechanisms, a dearth of medical 
professionals, and the destabilization of health infrastructure 
(including the availabilty of clean water) (Hussain and Lafta 
2019) 
Over the recent years, WHO has received a 
lsproportionaely large numberof reports of cholera. As of 
March, 2020, there had been reported cases in 24 countries 
comprising of 323 369 cases, with 857 deaths. Many cases 
are not recorded due to gaps in surveillance systems and fear 
‘of impact om trade and tourism, which accounts for the 
dlilfeence between these statistics and the estimated burden 
ofthe disease (WHO 2022), 
‘On June, 2022, the Central Public Heals Laboratory (CPHL) 
‘canfirmed 13 eases of cholera in Sulsymaniyab, Kirkuk, and 
Muthanna (WHO 20224), 
‘As of August, 2022, 865 cases of cholera had been confirmed 
in lag, resulting in 4 deaths. Thi -Qar. Baghdad -Rasafa, and 
Kirkuk are the governorates with the highest numbers of 
cases and fatalities: 55, 224 and 480 cases respectively. The 
arly Warning, Alert and Response Network (EWARN) 
system his also received reports of acute diashea eases in 
‘amps (WHO 2022), 
the case fatality rate (CFR) for cholera is less than 14 as 
recommended by the World Health Organization (proper 
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‘cholera ease management should keep CFR below 1%), dhen 
the ease management is successful. Many water sources in 
the Solaymaniyah governorate have been teated, and the 
water tucking industry has been enlisted to help to gt clean 
‘water to the people wi need it, Cholera cases decreased in 
the Sulaymaniyah province asa result of this and effective 
‘isis intervention (WHO 2022c), 

Social and economic instability in Iraq has persisted for 
‘decades, creating problems with access to healthcare, labor 
availability, and the availability of necessary supplies. Prom 
2014 102017, the Islamic State of Irag and the Levant (SIL) 
‘employed a strategy of aggression in which it deliberately 
destroyed water organization and delivery systems in order to 
‘ood cites, disturb agriculture, and withdraw residents of 
access to Water, Sanitation, and Hygiene (WASH) resourees 
(Qamar et al 20226) 

Iraq is particularly susceptible to waterborne and infectious 
diseases duc toi ste lengthways the Tigris and Euphrates, 
‘whose polluted water provide the greater part of the eountry’s 
ater needs, and is proximity to adjicent countries that 
experience Frequent disease outbreaks. The result was a 
devastating cholera epidemic in 2015. with the maximum. 
number of informed cases appesting in October alter 
unusually heavy precipitation (WHO 2022d), With the 
importance of these risk factors for Cholera cleatly 
‘established, strategies to aid the lragi public, such as early 
‘detection, management, and treatmeat, Become erucial (Chea 
etal 2022). As of the 0th of June, 2022, the Iragi Ministry 
tf Health i dealing with 13 case of Cholera, most of which 
have been reposted in the Solaymaniyah province of the 
Kurdistan region. The recent shipment of medical supplies to 
the Kurdistan region attests tothe United Nations continuing 
te coxperate with the Ministry of Health of lrg to improve 
healtheare outcomes during the Cholera outbreak as of June 
2022 (WHO 20224) Local health officials are commited to 
Preventing the diseases spread and have heen conducting 
"svareness campaigns, monitoring ind treating water sources, 
and coadocting routine food inspections to demonstrate their 
resolve. The local health authorities’ encouraging response is 
‘consistent witha U.N. initiative to encourage governments to 
be more pro-ictive in providing basic necessities to the poor 
and vulnerable (Qamar etal. 20224, 


Conclusion 


Infection with the cerium ¥. cholerae, (Cholera) continues 
to hea major health problem in many parts ofthe world. After 
‘experiencing an outbreak of cholers in 2015, Iraq is still 
Fighting with the disease today. Inadequate infrastructure, 
ineffective healteare system, inadequate sanitation and 
hygiene, malnutrition, and a military conflict state: all play a 
role in the spread of cholera. Rehydration treatments, 
antdiarheals, vaccinations, foed, and monetary aid are stil 
beng distributed as part of massive-scale relief efforts. Lon 

term health gains can only be achieved through the 
pplication of education campaigns and the development of 
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better facilities and public healthcare facilites, More 
information and study are necded to devise methods for 
controling Cholera’ spread and bringing down its 
‘worldwide prevalence 
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INTRODUCTION 


CCampylobacterisis has been identified as an important 
food:borne zoonotic disease around the world, and it is 
caused by members of the genus Campylobacter which is 
ubiquitous bacteria (lannino etal. 2019). The 
Canpylobacter genus belongs to the family 
(Campylobacteraceae and the genus consists of 39 species 
‘with 16 subspecies (Facciola et al. 2017; Hlashwayo eta. 
2020). The majority of infections in humans are caused by 
the thermophilic species Campylobacter (C.) jejunl 
followed by C. coli, C lari, and C. upsaliensis. (Leonard et 
al, 2011; Authority et al. 2013), The pathogen exists as 
‘normal flora in the intestinal tracts of many animal and bird 
species without causing any serious disease symptoms 
(Takamiya etal, 2011), There are several ways of disease 
transmission to humans, including consumption of 
‘undercooked meat or contaminated meat especially poultry. 
dliry product, contaminated water as well as contact with 
diseased animal or feces (Zhang et al. 2018). Inthe modern 
Society, Campylobacter has become the most common 
hucterial caise of human foodborne gastroenteritis 
worldwide (Acheson and Alles 2001). Along. with 
‘gastrointestinal infections, it also causes various. human 
systemic infections, including bloodstream infections, 
endocarditis, septic thrombophlebitis, pneumonia, neonstal 
Sepsis, acute appendicitis and acute colitis of inflammatory 
‘bowel disease (Morishita etal. 2013; Alnime 2014; Lager et 
al. 2016). Other post-infection complications include severe 
demyelinating neuropathy. Guillain-Barre syndrome (GBS) 
and Miller-Fisher syndrome (MPS) (Seallan et al. 2015: 
‘Skarp 2016). Campylobacter infection are often commen in 
particular age group, such a children under four years of age 
and people over 75 years (Levesque et al. 2013), Patents 
‘with emoglobinopally, ilammatory bowel illness and 
individual with impaired immune systems are at higher rsk 
of getting Campylobacter infection (Kennedy etal. 2004). 


Underdiagnoses and underreporting ofthe disease have been 
linked to difficulties in isolating ad growing Campylohacter 
species, their high cost and the lack of a legal requirement for 
itsmontoring in foods. Asa result, informtion about oatreaks 
‘or the contamination of animal products does ot accurately 
reflect the state ofthe nation (Mendonca etal. 2015) 

Most of the time, Campylobacter infection is self-limiting 
and requires supportive therapy. However, antimicrobials 
may be nesded in patients with severe, persistent and 
fextrnntestinal campylohacteriosis and ‘in immune 
‘compromised patents (Kaakoush etal. 2015). The presence 
ff this pathogen in animal products and other foods that 
‘ight contain these agents cam pose a risk to human health 
(Pacciol et al. 2017) 


History 


Since 1909, thas heen known that the pathogenic bacterium 
‘ain result in animal abortion, especially in bovines and 
tvines. Two veterinary surgeons, MeFadyean and Stockman 
(1913), studied epizootic abortion in sheep and discovered an 
lunideniied bacterium that was frequently isolated from 
aborted fetuses and that resembles a Vibrio (V.) fetus. 
Initially, the classification of acteria was based on 
‘morphology. Vincent (1947) isolated ¥. fetus from three 
Pregnant women who were taken to # hospital with at 
‘identified fever. On inspection of the placenta, large 
neerotic and inflammatory egions were visible. Two of the 
three women had abortions, and the ilness lasted for about 
four weeks. Sehald and Véron (1963) renamed this organism 
as Campylobacter. Only the blood of bateremic individuals 
‘ould be used for diagnosis of infection. Dekeyser etal 
(1972) in collaboration with Butzler and his group the St 
Pater ‘University Hospital, suocesstlly "isolated 
Campylobacter from feces. In 1980. Penner and Hennessy 
introduced serotyping methods that sill serve asthe 
foundation for strain typing today with the help of genotyping. 
phage typing, and bioyping. Uni the middle of the 198Ds, C. 
Jejuni was known to be the most frequent cause of bacterial 
fenterocolits in humans. These days. Campylobacter has 
become serious isu fr bo industrialized and developing 
rations’ public health (Butzler 2004). 


Etiology 


Campylobacter species is gram negative, spiral rods or 
spirally curled in shape, ranging in size from 0.2-0.8 jm 
broad and 0.5-6.0 ym long and even cells can change to 
‘enccoid oF spherical forms in reaction to stress of harmful 
‘conditions (Shane 1992; Kassem etal 2017), They occur as 
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‘normal inhabitants in the gastrointestinal tracts of a number 
‘of domestic animals and birds such as commercial broiler 
chickens (Aydin etal. 2001; Zimmer etal. 2003). There are 
at least 30 recognized species and subspecies in the genus 
Campylobacter” (On 2013). They belong to the 
‘Campylobucteraceae family. a broad but phylogenetically 
separate group of Gram-negative bacteria that s classified in 
the Proteohactria’s epsilon division (Lastovica et al. 2014), 
‘Additionally, the family Campslobacteracea includes the 
genera Arcobacter and Sulfurospirillum (Fitzgerald. and 
Nachamkin 2015). Thermophilic Campylobacter spp. (C. 
Jehu, C.lari and C. col.) are recognized as being clinically 
‘Significant as these are the primary causal agents of human 
‘ampylobactriosis (Hermans etal. 2012) All species lack 
spores and have a single bipolar flagellum that medistes 
dlstinctive corkscrew-like of darting movement that can be 
‘seen in dark fields of illumination (Byrd eta. 2007). They 
require a microserobic environment for optimal growth and 
are slow-growing, picky organisms that grow best at 37°C to 
42°C on artificial media (Lastoviea et al. 2014). Since the 
bacteria are often unable to ferment carbohydrates, the 
teakdown of amino acids serves as the main source of 
energy for the organism, and they are oxidase and catalase 
positive. indole negative and reduce selenite (Simon 1994: 
Kelly 2001), 


Incidence and Distribution 


‘The cpidemiology of campylobacteriosis is considered 
complex, The rate of accurate incidences of Campylobacter 
cpidemic is largely unknown. This is. because 
‘cimpylohacteriosis outbreaks are rarely reported, and there 
fare difficulties with diagnosis and variations in surveillance 
(Hansson etal. 2018). Until now, foodborne 
‘campylobactersioss has been seen to increase in the health 
issue in both undeveloped and developing countries, Each 
year, there are more postive eases in North America, Europe, 
‘Australia, and New Zealand (Man 2011: Kaakoush etal 
2015). The frequency of Campviobacterinfection isalso igh 
‘throughout Asia, Aftica, and the Middle East despite the 
absence of adequate epidemiological data (Butzler 2004), 
‘Some stuies report that in developed countries, the 
prevalence of Campylobacter causes gastroenteritis with 
Frequency of two to seven times higher than Escherichia coli 
O1S7-H7. Shigella pp. or even Salmonella spp. (Acheson 
and Alles 2001; Authority et al. 2014). Although most 
Campylobacter outbreaks ate from waterborne of foodborne 
illness and most ofthese outbreaks are wally from animals 
(Pros etal 2002), Atleast 80% of foedbome Camp lobacter 
foutbreaks were caried on by poulry products (Hie and 
Sulaiman 2018). Despite the fact that most Campylobacter 
‘occurrences in loycincome counties originate from natural 
sources like rivets and streams where large numberof people 
{depend on these water bodies as their main source of drinking 
‘water (Clark et a 2003: Plats-Mills and Kosek 2014). In 
‘Addition, high-income nations including Neeway Jakopance 
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ct al, 2008), Finland (Kuusi ct al. 2004), New Zealand 
(Bartholomew etal. 2014), Canada (Clark et al. 2003), and 
Denmark have indicated that water supplies have been inked 
1 Campylobacter epidemics (Kuhn etal. 2017). There vas 
seasonal Varlation in the prevalence of Campylobacter, the 
umber increases to its peak in warm weather: while with 
dropping temperatures, te numbers decrease (Hermans etal 
2012; Sahin etal. 2015). Although the specifi cause of this 
‘seasonal change is undetermined, itis hypothesized that arise 
in fly population and fly-mediated transmission inrease the 
number af Campylobacter in warza months (Hald etal. 2004) 


‘Transmission Routes of Campylobacter Infection 


Most of the animals, including poultry. cattle, sheep, dogs, 
‘ats ostriches, pigs, and European blackbirds carry several 
Campylobacter species in thir intestinal tracts (Dearlove et 
al. 2016), These animals’ feces contain these bacteria, that are 
spread into the surrounding (Goni etal. 2017). Under typical 
ambient conditions, Campylabacters typically cannot 
proliferate infeed, liter. or water because they are sensitive 
to oxygen and temperature. (Sahin etal. 2002; Newell and 
Fearnley 2003). Contaminated litter by Campylobacter may 
contribute to the persistence of the bacteria in the farm 
‘environments (Line 2002; Sahin ea 2002) It ean be spread 
‘mechanically by dents and insects ike houseflis (Sahin et 
al. 2015). Movement of people and equipment between farms 
may spread Campylobacter, which has been implicated in 
several studies as a potential risk factor (Hansson etal. 2007: 
Sahin etal. 2015) 

Consumption of contaminated or undercooked meat 
(particularly poultry), contaminated raw milk, and other 
handing of various predacts of animal origin are the most 
Iypical ways that Campylobacter spp. spread to humans 
(Bronowski etal. 2014: Kaakoush et al. 2015), Adltionally 
direct interaction between people and animals, sich as pets 
‘was reported as a possible route of infection transmission 
(Westermarck 2016), and people who work with cattle are at 
significant risk of contracting Canpslobacter because these 
animals are frequently colonized by it (Hansson et al. 2018) 
Furthermore, drinking water has been implicated asa major 
reservoir for the existence of Campyloacter, the most 
'ypical Campylobacter species found in surface water is C. 
Jepuri (Hokajivs etal. 2013). Finally, raw vegetables were 
identified to be the second major risk factor after consuming 
‘contaminated chicken meatitcan become contaminated with 
Campslobacter directly at farms, oF during transport. and 
processing in food manufacturers (Kwan et al. 3008; 
Bronowski et al. 2014). Finally, transmission of, 
‘campylobcterioss can occur between humans either through 
fecal-oral tinsmission or, in males, by homosexual contact 
(Kuhn et al. 2021), Congenital ransmission has been 
described but is a rare neonatal issue (Shane 2019). Fig. 1 
Presents a graphic overview of the transmission of 
(Campylobacter in aims and man 
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Fig. 1: Overview of pathways of Campylobacter anion in both Human and animals, 


Infections in Animals 
Clinical Sings 


Many diferent animal species can carry Campylohacter spp. 
asymptomtically (Komha etal 2013). According to certain 
research, experimentally inoculating young chickens and 
turkey poults with Campylobacter might result in clinical 
illnesses such bloody or mucoid diarhea, weight loss, oreven 
‘mortality (Lam etal. 1992: Humphrey etal. 2014; Zhang and 
‘Sahin 2020), The severity of enterocolitis that results from 
infection depends on both the pathogenicity of the strain and 
the host's immune system (Sanyal et al. 1984: Soerjad-Liem 
1984). Infection by Campylobacter in dogs and cats presents 
as acute enterocolitis and is characterized by mild a watery 
slartea, dehydration lethargy. anorexia, vomiting, pyrexia, 
and abdominal pain (Marks et al. 2011: Sykes and Mark 
2013). Cattle sheep. and swine are also colonized by 
‘Campylobacterspp., and clinical symptoms in young animals 
could be more severe than those in adults (Mendonca etal 
2015). C. jejuni can cause bovine mastitis and enteritis in 
calves, whereas C.ferus causes abortion and infertility in 
cattle (Stanley and Jones 2003), Hamsters, neonatal mice, 
rabbits, and ferrets are also susceptible 10 intestinal 
colonization with C. jejuni, which may result im persistent 
lara (Bell and Manning 1991) 


Lesions 


Enterocolitis with varying degrees of severity isthe hallmark. 
fof mammalian campylobucteiosis (Shane and Montrose 


1985). Gross lesions include eatarthal to severe hemorrhagic 
enteritis In newly hatched chicks, there is an accumulation 
fof uid, gas, or excess mcus, as well as intestinal distention 
and wateryfoamy material in the ceca is apparent (Sanyal et 
al. 1984). Experimental research revealed that a novel 
Campslobacter species, C. hepaticus, which causes the 
spaited liver disease in chickens, is known for causing 
Widespread, 1-2 mm grey-white lesions in the liver 
(Cravshaw etal 2015). Microscopic findings include villous 
atrophy, moneauclear inflation of the submucosa, and a 
mild edema of the lamina propria and submucosa of the 
imtestnes, mostly in ceca (Sern etal, 1988). In sheep. gross 
fetal lesions include fibrinous peritonitis. hepatomegaly. 
peeforted liver with internal bleeding, and many dispersed. 
Found-to-targetoid areas of hepatic necrosis between 1 mm 
and 2 em in diameter (Jubb et al. 2012). In cattle, abortion 
‘ean occur at any gestational age, with lesions characterized 
by endometitis, placenttis fetal serostis, hepatitis, and 
ppaeuronia (Michi etal. 2016), 


Diagnosis 


‘The diagnosis is made using cultural isolation and detection 
of the causative agent, biochemical characterization, recent 
molecular techniques and tools (Sails et al. 2003). In 
domestic animals and wild species (crows, mice, and 
chimpanzees). samples were oblained from feces (rectal 
amples if possible). In the ease of avian species, samples 
were taken using cloacal swabs, poultry house droppings, or 
the caeeal contents of dead birds (Komba etal. 2013). After 
2 pre-enrichment in a liquid medium, plate positive bth on 
selective media (blood-based and charenal-hased), serve to 


Unique Scientific Publishers 


remove toxic oxygen derivatives (Hich and Sulaiman 2018), 
Many media have been used for culturing Campylobacter 
species. Under laboratery circumstances, the bacteria are 
fastidious and slow-growing, needing a microacrabic 
environment (54% Os, 10% COs, 85% Nz) at a higher 
temperature (42°C), with no growh being “seen at 
temperatures below 31°C (Sahin et al. 2003). The most 
popilir diagnostic methods for finding and identifying 
Campylobacter spp. i most laboratories are the enzyrme- 
linked immunosorbent assay (ELISA) and polymerase chain 
reaction (PCR) (Lilja and Hinninen 2001), 


Treatment 


Fluid replacement and antispasmodics are typically 
salfcient In the case of diarrhes, pets and other domestic 
animals should receive symptomatic treatment, In case of 
pyrexia or prolonged and serious circumstances, antibiotic 
medication may be necessary (George 1994). In cats and 
dogs erythromycin (10 mg/kg in cals, 10-15 mg/kg in dogs 
orally every eight hours) o€ azithromycin (5-10 mg/kg in 
dogs and cats orally every twenty-four hours for five 10 
twenty-one days) have been suggested as treatments (Maks 
etal. 2011).Cefositin, erythromycin. or enrofloxacin have al 
heen effective treatments for dogs with 
ccholangiohepatitistcholecystiis and bacteremia associated 
‘with C jejuni (Sykes and Mark 2013) 


Prevention 


Strict biosecurity measures are the sole action that has been 
shown to be successfal in preventing the entry of 
Campylobacter spp. to farms and herds (Newell and Fearnley 
200}. These include: cleaning and sanitizing the entire hows, 
including every piece of equipment between successive cycles 
fof livestock, ‘which will prevent horizontal transmission 
(George 1994). Programs to control inseet (e., es and 
cockroaches) will reduce the probability of infection (Hald et 
al 2007), A set of management established to reduce the entry 
‘of unauthorized people, birds, rodents, or ether animals 10 
farms and herds (Faccioli et al 2017) There should be proper 
‘water purification (chlorinatica) ast prevensthe introduction 
ff viable Campylobacter spp. (Guerin etal. 2007). Besides 
biosecurity, there is various ways used on fami for contro of 
Campylobacter colenzation, such as isumunizaton, feed 
additives, bacteriocins, bacteriophages, and competitive 
‘exclusion Johnson etal 2017), 


Infection in Human 
Clinical Signs 


‘The foremost symptom in foodborne campylobacterioss is 
gastrointestinal illness, which manifests as an acute diartheal 
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disease with clinical symptoms, such as abdominal pain and 
fever. The diarrheal disease is usual 12-24 hours before the 
‘onset of clinical symptoms that presents a period of myalgi, 
pyrexia, and malaise (Mendonca etal. 2015). The symptoms 
fare not distinct enough for the doctor to distinguish them 
from other bacterial infections induced on by food poisoning 
(Edward and David 2004), The incubation period may range 
from 1 105 days. reaching up to 10 days, based on the amount 
af infection and the strain of organism (George 1994: Garcia 
and Cravioto 2007). Although the condition is typically self 
limited and symptoms may disappear in a week. the 
ceonsequences of dehytrati, hepatitis, and neurological 
abnormalities may be seen (Akitoye etal. 2002)- In addition 
to gastroenteritis, Campylobacter infections also resll in 
Feactive arthritis, imitahle bowel syndrome, Guillain-Barré 
Syndrome (GBS), Miller Fisher Syndrome. bacteremia 
septicemia, meningitis, cardiovascular complications, and 
abscesses (Fitzgerald and Nachamkin 2015: Kaakoush eta 
2015). Death asa result of campylobacteriosis is uncommen, 
but i can occur wien the condition is widespread in penple 
‘who are immusiccompromised or in old cr very young 
patients (Mendonca etl. 2015). 


Lesions 


‘The infection is most commonly occurred in ileum, jejunum, 
and cnlon. ‘These lesions might include mild hyperemia, 
‘congestion, edema and the hemorthages that ultimately leads 
to ulcerative and necrotic changes. (George 1994). 
Histologically. edematous and bloody Jejunal, ileal, and 
colonic mucosa are present, and enlarged mesenteric Iymph 
hoes may he seen vith lymphocytic iafiration in acute 
‘ess, but polymorphonuclear leukoeytex and eosinophils 
may accompany ulesration and absessation (Blaser etal 
1980), Microscopic analysis of rectal biopsy samples from 
people who had severe C. jejuni enteritis revealed a mixed 
collection of inflammatory cells in the lamina propria, 
‘mucosal cpithelil ulceration, loss of mucus, and crypt 
abscess inthe epithelial glands (Cover and Blaser 1980), 


Diagnosis 


Fecal samples have been identified as preferred specimens 
for the detection of Campylobacter spp. in people who have 
digestive problems (Senok and Betta 2009). Isolation of 
Campylobacter spp. from the blood is confirmatory. 
Serological techniques have been established forthe direct 
detection of Campylobacter spp. based on antigen-antibody 
imteraction (Regnath and Ignatius 2014), For the molecular 
subtyping of Campylobacter isolates, numerous DNA-based 
lechnigues have been created, Thee include polymerase 
chain reaction (PCR), pulsed-field gel electrophoresis 
(PEGE), Multilocus sequence typing (MLST), random 
amplified polymorphic DNA (RAPD), and amplified 
fagment length polymorphism (Fitzgerald etal. 2001), 
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Treatment 


Many cases of campylobacterisis require only supportive 
therapy. Sometimes anibotis are given. especially when the 
symploms are severe or prolonged and in 
‘immunocompromised patients (Same and Tamms 2018), 
Erythromycin, clarithromycin, and azithromycin are the 
antimicrobial agents of choice (Mendonca et al, 2015) 
‘Antibioti-resstant diseases, particularly those resistant 10 
fluoraguinolones, are on the ise asa result of the overuse of 
antibiotic in both human and animal populations (lovine 
2013). The use of a probiotic (Lactobacillus acidophilus) 
along with a prebiotc (iructoligesaecharides, lactosucrose) 
‘showed postive effects on the balance of intestinal 
‘microflora, as well as an improvement im recovery Irom 
infection and immune status during the investigation of 
allemative antibiotics sources for the treatment of 
‘ampylohucterioss (Rastall 2004). 


Prevention 


Foodborne campylobscteriosis can be minimized by taking 
the proper precautions while handling and preparing meals 
from an animal crigin (Butzler 2004). I's important to 
properly cook raw meat and poultry because Campylobacter 
is sensitive to heat and coking the fod at 70 °C will reduce 
the chance of getting an infection (Facciola et al. 2017). 
When preparing food inthe kitchen, wash hands with warm 
‘water and soap, Keep work area, kitchen sink, cuting boards 
and tools clean (Biabana 2004), and animal products and 
‘ther foods should be prepared using diferent cuting boards 
‘and cutlery. Untreated water and unpasteurized milk products 
should not be consumed (FDA 2012), Diseases prevalence 
tan be decreased by keeping appropriate refrigeration from 
the ime of processing chicken and red meat to the moment 
of preparation (George 1994). Children, pregnant women, 
fad immunocompromised people should be kept away froma 
Sick animals and animal feces (Campagnolo et al. 2018). 
‘Those who have campylobacteiosis should practice good 
hygiene to avoid the illness from spreading (Hemsworth and 
Pizer 2086), 


Conclusion 


Campylobacter enteritis in humans has become increasingly 
well-known during the past three decades, with current 
‘isolation rates exceeding these of Salmonella and Shigella 
spp. the two common gastrointestinal infections. There is a 
possible relationship Campylobacter-elted 
infection in both humans and domestic animals. Strategic 
plans for campylobacteriosis prevention and control are also 
cssential, Veterinary and medical professionals should need 


between 


to work together in order to reduce the rate of infection 
transmission to human from animal sources. 
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INTRODUCTION 


“Anaplasmosis is an infectious disease that affects bovines 
‘when the pathogen, Anaplasma (A.) marginale is wansmitted 
from a earier animal toa healthy (ire) one (Sali etal. 2021). 
Clinical presentation is characterized by fever, anemia, a 
‘eduction in food intake and, therefore, decease i meat and 
mil production (Khan etal, 2022). However. clinical signs 
are not always evident but, in acute phase, adult cattle may 
be severely allected causing & high mortality rate while 
recovered cattle as wel asingected calves become caries for 
lite and a scurce of distribution, presenting ickettsemia 
cycles every 6 108 weeks (French etal. 1998). Transmission 
iemadeby ticks, ies, horseflies and frites. Thi sa crucial 
point asthe disease is one ofthe most common and important 
‘ector-barne diseases in bovine production (Amaro-Estrada 
ct a 2020; Batista-Garfias etal. 2021). Early diagnonis 
fallow a better control and reduction of economic losses 
(Railey and Marsh, 2021). Even though there is not a 
‘universal yaccine commercially available, but there are 
several approaches in curse around the world 10 develop 
clfective immunogens (Salinas-Estrella et al. 2022h) and 
‘many work still neds to doin order to generate better control 
strategies that contibute to improve bovine, human and 
‘environmental health, 


Etiological Agent 


Bovine snaplasmoss is caused by A, marginale, whichis a 
‘gram negative intracellular obligate pathogen belonging to 


the order Ricketsiales which infects hovine erythrocytes 
(Kocan et al. 2010). It was first described by Sir Arthur 
‘Theiler (1910a) a5 “marginal points” in erythrocytes, 
therefore given the name “marginale” base on its location 
(Theiler 1908, 1910a, 19108). Previously it was believed that 
A. marginale was some developing state of Babesia spp. but 
later ‘Theiler proved, by isolation and replication of the 
pathogen, that it was an entirely different microorganism 
(Theiler 1908, 1911) 

Fora while, any intracellular bacteria were considered among 
the term rickettsiae, despite any other characteristic; later, 
classification based on phenotypictl, - morphological 
fcnlogical, epidemiological and clinical characteristics 
followed (Drancourt and Raoult 1994) and then some 
rolectlae studies brought more clarity over this matter. few 
years ago, taxonomic analysis based nthe informatica of 
Several molecular markers, antigenic characteristics. as well 
3s pathogen. helped to confirm and define its classification 
tas member of one of the two families that belong to 
Rickettsisles order: Ricketssiae and Anaplasmataceae 
(Dumler etal 2001). Members ofthe second family include 
the genus Anaplasma, Ehrlichia, Wolbachia’ and 
Neorckensa, several species of Anaplasma gens tht infect 
animals (A. marginale, A. marginale subspecie centrale, A. 
‘ovis, A. bovis, A. platys) and a specie that may infect humans 
1s well as several mammals, (A. phagocytephilum which was 
formerly known as Ehlichia phagoevtephila, E equi and the 
hhuman granulocytic elichioss (HGE) agent) (Deancourt and 
Raoult 1994; Dumler etal. 2001). 

ovine amaplasmosis is produced when the microorganism 
‘enters the circulatory system and replicates within the 
fethrocytes. Genetic diversity (de la Puente etal. 2005, 
2007; Rodriguez et al. 2009; Castieds-Ortiz et al. 2015) 
‘may influence the severity ofthe signs producing an infection 
that can be mild to severe according tothe immune status of 
the animals and the virulence ofthe strain (Gareia-Onti et al 
200); Rodriguer-Camarillo et al. 2008: Rodriguez et al 
2009: Kocan etal. 2010), 


Epidemiology 


A. marginale is commonly found in tropical and subtropical 
regions around the werld. which have the perfect conditions 
for developmental cycle of biological and mechanical vectors 
fof the pathogen but, due to climate change, it ean also be 
found on template regions because different species of 
vectors are prevalent in that climatic region (Kocan etal 
1992; Kocan etal. 2004), Prevalence ofthis disease has been 
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reported in several countries of all continents, either by 
serologic or molecular analysis (Bautista-Garfis ct al. 2021). 
‘The presence of the pathogen is associated withthe presence 
fof ticks —the biological vector or flies one of the 
mechanical vectors (Scoes et al. 2005), Approximately 30 
tick species have been reported as vector of bovine 
anaplasmosis, including Rhupicephaluy (R:) microplas, 
decoloratus, R simus, Reversi everts, Dermacentor (D.) 
landersoni, D. variabilis, D. reticulaus, D. albipieus and 
Hyalomma (H.) marginatum rufipes (Stiller ct a. 1989; 
‘Samish ct al. 1993; Jongejan and Uilenberg 2004: Kocan et 
Al 2004; Scoles eal. 2008, 2008; Zivkovic ta, 2007; Hove 
tal 2018; Khan etal. 2022), 

‘Other factors that may contribute to prolong the presence of 
Anaplasma sp, circulation inclade the possiblity of infection 
to wild ruminants (Kecan et al. 2010), mobalization and 
introduction of infected catle to a free herd, and some 
malpractice while doing procedures with contaminated 
instruments (Reinbold et al. 20103: Zabel and Agusto 2018: 
Absisa 2019: Bautista-Garfias tal. 2021), 

‘The clinical effects of disease are more frequent in adult 
animals mobilized from a non-endemie herd to an endemic 
herd. Calyes are often resistant to the pathogen presenting 
clinical sings of disease in rare occasions wile adults are the 
[group that present higher mortality rates at fest contact with 
the pathogen (Rodriguez etal 2009) 


Life cycle 


Once A. marginale infect the erythrocytes, it replicates within 
them frm one initial boxy to eight forming a type of morale 
called inclusion body. ‘The initia bodies contained in the 
inclusion body ae released and multiply sequentially in other 
cexythracyes unl high percentages of infection are reached, 
The init bodies do not case Iysis of the erythrocytes when 
exit the bovine cells (Rodrigucr-Camurillo et al. 2008), 
Prepatent period ranges from 7 to 60 days proicing as many 
as 70% parasitezed red blood cells during acute presentation 
(Kocan etal. 2010). Instead of being destroyed by lysis inthe 
blood vessels, macrophages in the spleen detect infected 
cxythrcytes, and produces a diminution onthe circulating cells, 
(Kocan eta. 2004; Rodriguez eal. 2000)- After acute phase 
thas passed, bovines that recawers become cariers and may be 
source of infection for ether animals (Kocan et al. 2010), 

‘When ticks feed trom infected cattle they acquire the intial 
bodies present in erythrocytes (Fig. 1) and, once inthe midgut 
ofthe ick. the initial bodies are released and infect the cells 
‘of the intestinal epithelium where they begin a cycle of 
{development (Kocan etal. 2004). One (er more) cycles of 4 
‘marginale development in tick intestinal cells ean pass and 
ther tick tissues become infected (Cobaxin-Cirdenas etal 
2019), including salivary glands from where the pathogen is 
‘eansmitted to vertebrates during feeding (Kocan etal. 2004), 
‘The first form of A. marginale seen within the colony isthe 
reticulate (vegetative) form that divides by binary fission 
forming. large colonies that _may contain hundreds of 
‘organisms. The reticulate forms change to dense forms, 


ich isthe infective form and ean survive outside the cells 
Cattle become infected with A. marginale when the dense 
form is transmitted during tick feeding through salivary 
‘lands (Kocan etal. 2004), 


‘Transmission 


Anaplasma transmission in cattle occurs both biologically 
‘nd mechanically. Biological transmission require leeding 
‘of ticks on carrier animals while in mechanical transmission 
there sno multiplication of the acter inte vector and only 
infected blood is transfered from one animal to another (Foil 
1989; Kocan etal. 1981, 2010). 


Biological Transmission 


Several tick species have been associated with Anaplasma 
transmission, however, D. anderson’ and Rhipicephalus spp. 
are the most studied (Kocan etal. 1992; Futse etal, 2003 
Scoles etal. 2008), ‘Transmission of A. marginale by 
Dermacenor spp... microplus and R. annularus have 
already been reported (Kocan et al. 2004). Biological 
transmission can be transstadial, from one stage to another. 
‘or intasstaial, within the same stage (Stich etal. 1089; 
Samish et al. 1993: Ribeiro and Lima, 1996; Cobaxin- 
(Crdenas eta. 2019; Vimonis etal. 2020), 

“The felatioship of A. marginale with ticks is complex and 
presents variations among diferent stains, vectors and 
‘environmental conditions. For example, it fas been shown 
‘experimentally that only 10 infected ticks (Dermacentor) are 
enough to wansmit A. marginale (Scoles et al, 2008). 
However, trnsmission has been experimentally described 
though Ro simus ticks but was not achieved with 1. 
excavatun, R sanguineus or R-anmulars. Additionally, not 
all strains ofA. marginale are tansmitted efficiently by ticks 
{de la Fuente etl. 2001), 

Tnirassadial and transstadial. transmission are mainly 
important in dtee-hos icks, because they leave thie host at 
the end of each stage. Until a while ago, it was considered 
that transovarial transmission of A. marginale did not eur 
in ticks; otherwise it has been reported that &-microplus 
larvae hatched from infected females were able to transmit 
the bacteria to eatle despite not having been fed previously 
‘Transmission was confirmed molecularly by monitoring the 
variable region of msplu (Amaro-Estrada etal. 2020) (Fig 
2), There are sill several aspects to investigate for example 
lemperature nd strains involved scem to be relevant isstes 
but sto important to consider transovaral transmission an 
‘control strategies of hovine anaplasmosis 

‘Another form of transmission in catle is transplacental 
transmission, which may occur during gestation, when the 
‘carrier cows suffer immunosuppression and an increase in 
Fickettsemia occurs, allowing the hacteria to cross the 
placental brie (Gale etal. 1996; Zabel and Agusto 2018) 
thas also been observed that some calves show clinical signs 
and do not survive, hut others do not show signs but remain 
as reservoirs (Rey-Valeirén etal. 2003) 


Unique Scientific Publishers 


‘One Health Wiad 


Aun seine 
renetron intent 
el ya 


‘en 


Fe eton ¥ Ea sac 


Ape mine 


\ p sara tame 


Fig 1: Life cycle of A. marginale (made in Blender om under de cease ZF2SOQYQMD, 


) — GH ES EE 
reste we eta Ce opp 
cee od 
pnt oan i i 
Mechanic! Tansnision erate, ey cso arte in ere 


transmission of bovine anaplasmosis in the absence of ticks 
Mechanical transmission of anaplasmosis occurs though (Kocan et al. 2010). Blood sucking flies are important as 
contaiaied fomits r when Hood ie tansfenred orn ane mechanical vectors A. marginal, and by themselves 8 they 
hhost to another. While blood sucking flies have shown a role feed on catte's blood and lower the canversion efficiency due 
ff apparent ile inpenance in the wanseinon of AW dsturancein bchavir of anal (Scle et 2008). 
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Hematophagous arthropods such 2s Tabanusbovinas and 7 
Juscicastarus(hoeselles), Haematobia iritans (horn fy) and 
Stomoxys ealetrans (stable fy) have been associated with 
infection, but appear to be atleast 10 mes less efficient 
than ticks fed on infected animals (Scoles et al. 2005: 2008). 
However, that low efficiency can be compensated by the 
large number of Mies that can infest cattle (Bautista-Garfias 
etal 2021), 

Within the mechanical transmission, human malpractices 
does happen and probably accounts for many’ of the cases 
fobserve in the absence of ticks or where flies are under 
‘eantrol, Vaccination with a single syringe and same needle, 
insertion of hormone implants and eat-tagging are customary 
practices in places where there are many animals (Kocan et 
al, 2010). Ithas been proven that needles used in procedures 
‘auch as vaccinations dre capable of transmitting Anaplasma 
from one infected animal to two subsequent ones (Reinbold 
etal. 20103), 


Bovine Immune Response 


Infected erythrocytes are recognized hy macrophages in 
reticular tissues and vascular sinusoids present in thered pap 
fof the spleen. The optimal capture activity by macrophages 
‘occurs until high cancentratios of infeced erythrocytes are 
reached (Rodriguez etal. 2008; Salinas-Estrella et al. 2022). 
Non-specific phagocytosis has been demonstrated in the 
spleen and may explain splenomegaly present in the 
infections (Palmer etal. 1999) 

When the erythrocyte is phagocytized, it initiates antigen 
processing by denaturing and partially digesting pathogen 
Proteins into short peptides that are presented on MHC clase 
TH molecules on the macrophage surface to CD44 T-helper 
(Th) cells (Brown et al. 19983). Th cells involved in the 
immune response include Tht cells. specialized in the 
production of 12 and interferon gamma, which stimulate the 
synthesis of IgM and IgG2 synthesis by B cells and activate 
‘macrophages (Zaraza and Kuler, 197; Ristic and Carson, 
1977: Arulkanthan et al. 1999; Rodriguez-Camarillo et al 
2008: Silvestre et al. 2018), However. there is also a response 
‘of Th2 cells that secrete IL4, IL6 and IL.10, The cytokines 
also stimulate B cells towards the production of IgG 
(Rodriguez etal. 2008: Kocan etal. 2010), B cells can also 
he activated by recognizing an immunogen in is free 
‘untransformed form through their antigen receptors of 
surface antibodies (Brown etal. 1998b; Zhuo tal. 2016). 
‘Studies onthe different capacities of bovine immu 

G isotypes indicate that G2 is related to the resolution of 
infectious processes (McGuire et al. 1991). This capacity has 
hheen conirmed in the ease of bovine anaplasmosis, since 
these antibodies front immune animals are able 1 opsonize 
infected erythrocytes and be more rapidly phagocytized 
(Cantor etal. 1993), unlike IgG which is notable to mediate 
‘phagocytosis by neutrophils or monocytes (MeGuire etal 
1991: Brown et al 1998). 


Cattle tht recover fom acute infection remain infected with 
low rickettsemia, but donot show severe clinical signs of the 
disease, so they ure considered protected against a 
homologous challenge (Palmer et al, 1999; Rediguez- 

‘amarillo et al, 2008), except when there is a concomitant 
dlisease inducing stale of immunosuppression. The 
Persistence ofthe parasite occurs despite the development af 
a protective immune response (French etal. 1998), 


Diagnosis 


(Clinical diagnosis is based on the anamnesis, clinical signs, 
presence of vectors, cattle management practices, time ofthe 
year. and other aspects considered in the clinical history 
Early diagnosis may improve the possibilty of & good 
‘outcome and reduce the economic losses in an flected herd 
(Raley and Marsh, 2021). The disease is characterized by 
fever, lethargy, isolation, anemia, and a diminution of food 
imtake, which, altogether, translates into a drop in the 
production (ether meat or milk), alfecting reproductive 
activity due to the effects of a low energy and oxygen 
transport (Redriguer-Camarillo et al. 2008: Quiroz- 
(Castaieda etal. 2016: Railey and Marsh, 2021 
When presumptive diagnosis s made then it isecessary to 
ccanfirm it with laboratory tests. The first option is 
microscopic observation of the pathogen in blood smcars 
Stained with Giemsa, Disadvantages of this technique 
imclude: 1) the person analyzing the smear should have 
‘expense in it) moment ofthe eyele daring which sample is 
tnalyzed asa sample taken athe beginning ox the end of the 
infection may not be quantifiable (Barigye etal. 2004: Kecan 
tal 2010; Riley and Marsh, 2021). 
Serological tests are recommended in diferent scenarios: 3) 
for monitoring the development of antibodies at first 
infection or immunization b) for epidemiological purposes: 
cither when the herd is stable and located at an enzootic 
Fegion, or when an outbreak occurred: c) in accasions when 
trading exchange requires it in oder to mobilize only fee of 
‘contact bovines (Rodriguez Camarillo eal. 2008: Rodriguez 
tal 2009; Salinas-Estrlla et al. 2022), 
‘The molecular diagnosis fucilitates the identification of 
pathogen, when the infection isnot quantifiable at microscope. 
{Te also allows the procurement of DNA for genomic 
identiiation. Several genes are wsed a target lor molecular 
amplification by PCR including mspS gene asthe elected gene 
for standard detection, followed by mspla. msp4 (Torieni de 
Echaide etal 1998; Rodriguer etal. 2009: Singh etl. 2012: 
Bacanelliet al. 2014; Amaro-Estrada et al. 2020). Other 
molecular test have been develope for A. marginale detection, 
suc as multiplex PCR (Figueran etal 1993), qPCR (Carel et 
al. 2007), duplex qPCR (Decaro eta. 2008), PCR followed by 
resticion fragment length polymorphisms (PCR-RFLP) 
(Nowman ta. 2008), reverse line-bot hybridization (RLBH) 
(Guillemi etal. 2015) and loop-mediated isothermal 
tion (LAMP) (Giglio et al. 2019), 
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Control Strategies 


Control of bovine anaplasmosis includ the actions towards 
femtrol of tick-vector and immunoprophylaxis. The 
cradicaton of ticks has aot been very practical as intense 
dipping or spraying with acaricides has resulted in resistance 
and failure in effectivity (Redriguez-Vivas et al. 2017), 
‘According to some studies, rotaional grazing isa 
‘controversial practice as it works best af pastures ae left 
fallow for at eas 60 days (Nicareta etal. 2020), while some 
‘ther studies proved that its success depends on extensive 
[knowledge of local climatic conditions, plus robust data cm 
seasonal peaks in tick populations (Hie et al. 2021), 
Therefore, to be successful i 6 important to apply grazing 
‘management whenever thre i sufficient robust data from the 
area (Hie et al. 2021), 

Horizontal transmission due to blood transfer from one 
animal to another by fies ean be reduced by a number of 
‘management practices. such as the use of repellents, 
insecticides, biopesticides, manure management, aps, ec 
{Seoles etal, 2005: Cook 2020), 

Iatrogenic transmission is one ofthe most unattended forms 
‘of dispersion of diseases. Changing needles between animals, 
disinfection of ear-taggers and other tols that get in eantaet 
‘with blood are the most simple and economical practices to 
curtail this form of horizontal transmission (Reinbold et a 
20103). 

‘On the immunoprophylaxis spectrum, there have been many 
attempts to induce protection aginst disease, “Premunition” 
is deseribed asthe inoculation of whole or diluted blood into 
adult or young animals (Toderovie etal. 1975). Inoculation 
ff blood from animals with ongoing clinical disease is a 
‘dangerous option and close monitoring is critically important 
‘sit usually induces a severe cliical syndrome which may 
be fatal, Diluted blood from an infected carrier o a patent 
animal can be used, but the number of infected erythrocytes 
is unknown and the monitoring period. varies from one 
inoculation tothe next (Todorovic etal. 1975). Best results 
from practice are observed when calves between the ages of 
{6 and 9 months are the recipients of the infected blood 
{(Kiatler 1979). Animals immunized through this way usually 
{develop a sub-linialsyadrome that protects the reipient = 
long as the animal remains infected. The procedure should 
Freferably be carried with local strains. A. centrale has been 
‘ised in many countries but in Mexico tis banned i is 
‘considered as an exotic pathogen (Rodriguez etal. 2008). 
Close monitoring in clinical variables bat specifically packed 
cell volume (PCV) and vaginal mucosa coloration (VMC) in 
Airy calves, correlate with presence of bovine anaplasmosis, 
thus these parameters can be used as guide to apply timely 
treatment and significantly reduce loses in valuable dairy 
stock (Heller etal. 2022 

‘Trealment of ovine anaplasmosis can be done with two basic 
antibiotics, oxytetracyeline and imidocarb dipropionate 
(Coetzee etal. 2005: Reinbold et al, 2010; Sali eal 2021), 
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Vaccine Developments 


‘The first description of A. centrale as live immunogen 
(Theiler 1911) demonstrated that it can ameliorate the clinical 
signs of A. marginale infection. This strain has been used in 
‘many countries for the prevention of bovine anaplasmosis 
(sually astrvalent including Babesia (2) bovis, B. bigemtina 
‘and A. centrale). There are 23 complete genome sequences of 
‘Av marginale available at NCBI which can be used to design. 
‘vaccine that can be applied in animals of all ages and protect 
against many strains that have been reported yet (Rodriguez- 
‘amarillo etal. 2020). Attenuation of naturally pathogenic 
strains wis one ofthe fits efforts to generate immunity, but 
some ofthese stuns were passed into “unnatural” hosts such 
as deer or sheep with yarable results Zaraza and Kutlr 
1971: Kutter and Zaugg, 1988). Stains of A. marginale of 
naturally low virulence have also been tested (Bock et al 
2003: Rodriguer-Camarillo. et al. 2008) with promising 
Fesults, yet not a single one ofthese options has reached the 
commercial use, because of the ever-present risk of 
transmission of blond associated pathogens with implicit 
slisastrous results (Rogers et al. 1988). Inactivated vaccines 
tested so fur while inducing solid immunity to homologous 
challenge, are yot to induce the same level of protection 
against heterologous stains (Salinas-Estrela etal. 20226) 
Proteins that i their native form have induce solid imamuni 
have filed to induce immunity as recombinant counterparts 
(Sali et al 2020) and even in some cases, animals inoculated 
with them showed worse clinical syndromes (Ducken et al 
2015), Anearimplant was designed to deliver Mspla tandems 
Tepeat K:S as the antigen in a scheme that comprised three 
‘vaccination doses (prime-boost ike) (Curtis etal. 2020) 
[As mentioned before, live organisms would seem to induce 
‘complete immunity against homologous and heterologous 
Challenge. Based om this premise targeted mutagenesis Was 
used for deletion ofthe phage head-to-tail connector protein 
{phtep) gene in A. marginale (that is cultivable en tick cell) 
(Hove et al. 2022). The resulting mutant did not cause disease 
and exhibited attenuated growth in its natural host (cattle) 
When its ability to confer protection against wild-type A. 
‘marginale was challenged, all animals receiving the live 
‘mutant didnot develop clinical signs or anemia, or erythrocyte 
infection. In cootras, animals immunized with whole cell 
inactivated vaccine developed similar dscase as the non- 
vaccines following A. marginale infection (Hove etal. 2022) 
‘This is very innovative approach as the organism is culivable 
on ick cll ines, hus itis not exposed to cattle pathogens and 
‘mot transmit them and it cat be reproduced on demand, 
‘The mutation scems to be stable, thus it will ot reverse the 
virulence in the host snd finaly it may protect a wide aray of 
heterologous strains upen testing (Hove et al. 2022) 


Perspectives 


New diagnostic techniques will need ta be developed or 
implemented at ranch-site if we want lo treat an animal on the 
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spot, when no microscope or seology result is available and 
the unimals is suffering with the clinical sympioms of 
anaplasmosis (Gigliotiet al. 2019: Salinas-Estella etal 
2022). 

In reference to the treatment, two different oxytetracycline- 
resistance genes (0trA, and otrB) were detected recently by 
PCR in samples from infected catle and sheep with A. 
‘marginale inthe Northwest and Southwest of Iran (Shabbazi 
ct al. 2021). While this discovery opens the possibilty of 
‘oxytetacyeine resistance there have been no reperts of such 
resistance when treating bovine anaplasmosis.. What is 
‘known is that long-term treatment of Anaplasma carters with 
foxytetricycline does not necessarily result in elimination of 
the carrier state (Curtis et al. 2020). Tisis an area of clinical 
interest as resistance to oxytetrayclines could be the next 
{reat challenge when treating cattle against anaplasmosis in 
the absence of an effective vaccine (Shahbazi etal. 202), 
Regarding immunoprophylaxis, there are numerous studies 
fimed at inducing long-term immunity against bovine 
‘anaplasmosis, Molecular diversity and antigenic varihilty 
have proven to be an obstacle tothe induction of protective 
‘immunity against all strains studied so far. Although studies 
hhaye been conducted with immunorelevant proteins, these 
proteins may not be conserved in all strains, so that robust 
protection may be induced against some strains but nt ethers 
(Quiroe-Castafeda etal 2016: Salinas-Estrella etal. 2022). 
Native, recombinant proteins and peptides have been tested 
as immunogens, with results that range from full protection 
‘agninst homologous challenge to no protection or even i 
‘worse clinical syndrome “against heterologous strains 
(Docken et al. 2015; Curtis etal. 2020; Suri et al. 2020). 
Live A. centrale vaccines are still used in many countries, 
sometimes with disistrous results i terms of transmission of 
bother blood-borne pathogens (Rogers etal. 1988). Stl. live 
agents that can establish a subclinical infection, may seem 10 
be one of the best alternatives for induction of solid 
protection, Therefore, genetically modified A marginale 
tested in susceptible cattle may be anc of the best options, as 
ican be grown on ck cell ines and is not in contact with 
bovine pathogens, therefore unable to transmit them. It can 
he produced on demand, aad is likely to protect against 
heterologous strains (Hove etal. 2022). 

‘An elfective vaccine is « demand from cattle producers in 
‘many countries chit perhaps can now be fulfilled with 
‘mastered techniques; even if isnot a universal vaccine i can 
be applied to local strains that can more Tully cover the 
anigenic spectrum of a region and be produced by 
[government laboratories far the benefit of each countey's 
cate industry (Salinas-Estrela eta. 2022). 


Conclusion 


Bovine anaplasmosis isa widely distributed and 
economically important infectious disease. To know the 
clinical signs, the economic effects, the diagnostic and 


treatment options and the several atempts to develop a 
protective universal vaccine gives broad description of the 
Problem this disease represents for bovine health and 
Prodaction around the world, Hs control has been tried 
Iultiple times since its discovery in 1910. Several 
ppraaches are stil im progress to develop elfective control 
strategies, With the climate change and is effects on the 
habitats in the last years, studies an the distribution of 
biological veetors and the participation of new species pf 
ticks as vectors hi to be mate in order to determine the best 
‘course of action to control an prevent bovine snaplasmosis 
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INTRODUCTION 


According to various international institutions, antimicrobial 
resistance (AMR) is such a severe problem that. within 30, 
sears, it could cause the death of more people than those 
lffected by chronic problems such as cancer. The World 
Health Organization indicates that (World Health 
Organization, 2015), that AMR is responsible for upto 700 
(000 deaths “worldwide, which could increase up 1010 
million deaths annually. In the United States of America, up 
{02 million people contrat infections associated with AMR 
hhacteria annually leading to the death of almost 23,000 
people (Dadgostar 2019). AME alfets not only mortality 
Fut also morbidity. It triggers a igh economic burden and 
more extended periods of hospitalization and on a large 
scale, it causes economic losses in healthcare systems 
‘worldwide (Shrestha ct al. 2018; Christaki et al. 2020), 
Statistics show that in 30 years here may be a reduction of 
‘up to three percent of the Gross Domestic Preduct duc t 
antimicrobial resistance, impacting the world with a loss of 
‘up o $100 billion. (Shrestha et al. 2018; Dadgostar 2019), 
Hovsever, these data might he underestimated, as they only 
‘consider subset of drug-resistant bacteria due to the lack of 
‘viilable data om emerging resistant bacteria (Rodeiguez- 
Medina et al. 2019). 

When hacteria escape the drug's effect due to the 
development of cellular mechanisms of response to the 
aggression, itis reffered as antibiotic resistance (ubeh e« 


al 2020}. One of the operational definitions of 
antimicrobial resistunce indicates that a strain has 
antimicrobial resistance if its minimum inhibitory 


concentration is higher than that exhibited by its similar 
wild-type strain (Martinez etal. 2015). 


Each antimicrobial agent has a unique mode of action that 
depends on two fundamental aspects which include bacterial 
fell characteristics and antibiotic targets. Regarding 
bacterial cell characteristics, differences are distinguished 
between Gram stain-positive and Gram  sain-negative 
bacteria, Although the structures of both are similar. there 
are some ctitical discrepancies. Gram-negative bacteria 
possess an outer membrane that confers resistance to high 
umber of ntibiotcs as it sone of the main targets of their 
mode of action (Assoni et al. 2020), Alterations in their 
hydrophobicity properties. and changes in porins or 
lipopolysaccharides contrite to the potential fr resistance 
(Uubeh etal. 2020). 

Gram-positive bacteria lack an outer membrane but the 
presence of thick peptidoglycan layers dominates their 
anatomy. Lacking the outer membeane, they are more 
enstive to the effect of antibiotics, That is why Gram 
MMain-negative species show a higher frequency’ of 
fesistance and ar resistant to more antibiotics (bel et al 
320). Some agents act against both types of bacteria. 
‘These are known as broad-spectrum antimicrobials 
(Bearden and Danzinger 2001), 

Antimicrobial agents can interfere with cell wall synthesis, 
Protein synthesis, mucleic acid. synthesis or inhibit a 
‘metabolic pathway. Bacteria, for their part, counteract these 
effects through mechanisms such as [intrinsic resistance, 
natural property of cach bacterial group: 2-- acquired 
resistance, a trait that is direct function of bacterial genetic 
‘variability and may be due to mutations and horizontal ene 
transfer: 3- Genetic changes in DNA. also called mutational 
resistance, involve modification of the drug's mode of 
action, eg, decreased absorption, activation of exit 
mcchanismis to extradite the hirmful molecule or global 
‘changes in critical metabolic pathways: and + horizontal 
igene wansfer (transformation conjugative transaction) 
(Munita and Arias 2016), 

“Microorganisms possess intrinsic resistance to one o more 
antimicrobials naturally. The problem occurs when they 
generate acquired resistance in clinical setings. which 
‘uses & bacterial population that was initially susceptible to 
tan antimicrobial 10 subsequently no longer be so, causing 
morbidity and morality Paterson 2006; Ruppé et al. 2015 
2015; Jubeh etal. 2020), 


Causes of Antibiotic Resistance 


Intrinsic resistance has heen well known since the discovery 
‘of penicillin, Before its use, the first resistant srains of 
Staphylococcus had already been described. Subsequent. 
methicillin was introduced, and soon after, a resistant strain 
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Bacterial Species 


‘was reported (Sengupla et al. 2013) and to counter its 
ineffectiveness, vancomycin was introduced and after wo 
decades Inter, Staphlacoceus resistant was reported 
(Barberato-Filho etal 2020). 

Enabling elements for acquired resistance include misuse 
and overuse of antibiotics (Zaman etal. 2017; Chokshi et 
al. 2019; Dadgostar 2019), agricultural use (Chang et al 
2015), rising income levels conducive to verconsumption 
(Chaw et al. 2018; Klein et al. 2018), travel routes 
exposing humans to resistant pathogens and thei 

dissemination in various countries, as well as lack of 
knowledge creating a gap in awareness of antibiotic use 
slobally (Prost etal. 2019) 

For this reason, intemational bodies have launched 
‘Guidelines that aim to help and sifeguard the elficacy of 
antimicrobials (WHO, 2015, 2022: MeFwen and Collignon 
2018). The World Health Organization (WHO) classified 
‘AMR bacteria that posing an imminent threat 1 human 
health (De Oliveira et al- 2020) and published a list of 
Friorty pathogens that require urgent research and 
‘development of new treatments (WHO 2017). 


Priority Bacteria with Antibiotic Resistance 


‘The citical priority group inclodes multdrug-resistant 
hucteria that are of great attention because they affect 
hospitalized patients requiring devices such as catheters and 
‘ventilators The high and meditm priority categories contin 
hucteria with increasing drug resistance (WHO 2017) as 
mentioned in Table 

Tn addition to the pricrity resistance determined by the 
WHO, the bacteri included in the list present resistance 
profiles 10 other drugs, which shows their capacity 10 
‘develop diverse resistance mechanisms. Within this Hist. we 
fan locate & group of pathogens with a high capacity to 
fecape the antimicrobial effect under the acronym 
"ESKAPEE": Enterococcus faecium. Staphylacoceus 
aureus, Klebsiella pneumoniae, Acinetobacter baumannii 
Pseudomonas aeruginosa, Enterobacter spp. and 
Escherichia coli (Arato et al. 2021; Mancuso et al. 2021) as, 
‘mentioned in Table 2. 


New Bacterial Species Resistant to Antibiotics 


‘The evolution of antimicrobial resistance and its spread and 
appearance in diverse ecosystems is duc, ameng. other 
factors, to the interconnection between animal, human and 
ccavironmental habitats, The spread of resistant clones and 
‘anuhiotic resistance determinants has been described among 
‘microorganisms that previously did not exhibit this 
characteristic, From this derives the concept of "emerging 
‘anubioticresistant” pathogens,” defined as those 
‘microorganisms that have recently developed antibiotic 
resistance, affecting a population by rapidly increasing thie 
incidence or geographic range (Vouga and Greub 2016) 
‘Among these, we ean find the following: 


Klebsiella variicola 


{tis found within the Klebsiella pneumoniae complex and in 
200M, it was described as a new species (Wyres etal. 2020) 
its natural niches are plants: however, the most curent 
reports show an increasing incidence of strains of clinical 
‘origin with AMR (Rivera-Galindo et al. 2021) implicating it 
in bacteremias. infections of the respiratory system, and 
urinary tat infections in humans. Therefore. itis considered 
asan emerging pathogen (Srinivasan and Rajamehan 2020) 

‘One of the main variables to consider when sudying 
sntbiotc-esistant strains isthe correct identification of the 
strain to be able to carry out an adequate epidemiological 
follow-up. In the ease of Klebsiella (K:) varicola. the 
biochemical tests routinely ased in the clinical microbiclogy 
laboratory or automated systems worldwide has resulted in 
its misclasification as K- pnewnoniae. (Long et al. 2017: 
Fontana et al. 2019: Piepenbrock etal. 2020; Kiley etal 
2021; Rivera-Galindo et al, 2021), Derived from this, there 
is scarce data on its susceptibility pattcns, epidemiological 
characteristics of distribution in te population, and its 
actual clinical implications (Rodriguez-Medina etal. 2019), 

‘The few existing reports indicate that itis intrinsically 
resistant to ampicillin due to the chromosomal LEN 
lnctamase (Redriguez-Medina et al. 2019: Morales-Leén et 
al 2021), It is a carbapenemase-prodacing species. It is 
resistant to ertapenem, meropenem and imipenem 
(Hopkins etal. 2017). Recently, its resistance to colistin. 
mediated by chromosomal mechanisms, was reported 
(ayol et al. 2017; Lu et al. 2018). Likewise, there is 
‘evidence of horizontal gene transfer hetween members of 
the complex as they have been found to share plasmids, 
which favors the spread of AMR genes. Because of this, 
accurate identification is essential (de Campos et al. 2021), 


‘Mycobacterium abscessus 


Ik is a fast-growing. mulidrug-esistant, nontuberculous 
mycobacterium species that has recently become a 
significant threat to people with chronic kang conditions 
(Bryant etal 2021, Infection rates eause by this species are 
increasing globally, likely due to its dispersal via aerosols 
tnd spread through fomites (Bryant etal, 2016). Is intrinsic 
Fesistince mechanisms are die to a highly impermeable cell 
‘envelope, multidrug exit pumps, and the ability to encode 
several enzymes that can inactivate antibiotics (Nessar eta 
2012: Lara etal 2018: Garzyasi et al. 021). 

Due to extensive, repeated, or inappropriate use of 
antimicrobials, most stains of this species are resistant to 
macrolides die to the expression of an erythromycin 
ribosome methylase gene (erm) (Nessar etal. 2012; Luthra 
tal. 2018: Lopeman et a 2019). They are also resistant to 
Aminoglycosides. due tothe presence of & mutation in the rs 
‘gene responsible for coding for the 168 rRNA (Johansen et 
al, 2020), They are resistant to beta-lactams die to the 
Presence of class A beta-lactamase 
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‘Table 1: Prirty bacteria with anbioeresiunee secodiag to WHO (2017) 


Prirsylevel Name 


Prey resitance 


rite ‘Acinetobacter Baran 
Prendoonnat dorapiaos, 
Escherichia ett 
Klebsiella pneumoniae 
Enerobicter sp 
High Enmerococs facta 
Suphfoeaceus aureus 
Helicobacter per 
Canpslobucer spp 
Salnoneltae 
Neisiertagonoree 
Sreprocecas pemoniae 
Haemophilus ifuencae 
Shigella sy 


Medium 


Curpenenrenstant 
Curpenen sistant 

Curbipenemzesistat, exeaded-spectum betrlactamase (ESBL} producing 
sathapenenics 


‘Vaneomycincesistant 
“Methcilin-esisa, with intermediate sensitivity and vancomycin resistance 
Resistant to clartonycin 

Resistant to uaroguinolones 

Resistant to Muoroguolones 

Cephalospern-estunt, uocuinolone-esisunt 

Peniilinesisane 

Apis resistant 

Resistant to Huaroguiolones 


‘Table 2 Resistance characteristics of haces named ESKAPEE (De Olivet tal. 2020) 


rosy Name rif resisance Resistance oat Mechaaism of SSR REESE 

level aninicobials 

igh Enterococcus Vance “npc, pean Chramanal see pps cucodara —Enansiat otal 20 
fucciun epllsporits, clase Bpenicilin-bnding protein, Cato and Giand 20 


acomgein and 


aminoglycosides such enzyme modification aa somal 


a tobrayein 


ananyei, 
seatamicin, and 
uceguinslons. 
High Suphylococeas Meticilin, with Fluwogunolones 
aires intermediate 
seastvity and 
‘aneomyein 
Coca Klebiela ——Carbpenemics and Muliresistann 
ewmoniae — extendad-<pecrum 
tet lucamse 
producer, 
Crical Acinetobacter Cabapensmick ——Tigecycine, 
‘awa, smunoglyeondes, 
colin 


munoplyeonide-maaifjing enzymes, Noval tal 2 


Gari al 2019) 


target modification 


Plasmid-encoded pnicilinase (Chambers and Delco 
peelin-bpdingpotin, mutation in 2000; Tanaka etl 
ones encoding ager enzymes for 2000) 

DNA cplication 


Plasmid accessory genomes and 
ehomasomal gene loc! 


(Cifuestes Castaneda et 
a. 2018; Nakamura 
Silat al 2022) 


Production of four Pactamases (A.B, (Lee etal. 2017 
CDjexitpungs, hve classes of |" ‘Trebose al 2009; De 
‘zynes including aetylvansferases, Olive etal. 2020) 


‘Mcoylcansferases, and 
Phosphoransferases, and loss of 
Tipopaysaccharie. 


CCriie Prewlomnas —Carbypenomics _—-Mulidug resist Overexpression of ext puns and (Langeadank ea 
verona sscreased cute membeane 200; Mancuso ea 
Pemeabilty. genes eacaing for pris 2021) 
hd other prose Hsctamases clas A. 
Can D aminoglycoide-moaiying 
zymes. 
CCriic Enterobacter sp Carapenemics and Fluoroguinolones and fHactamases ype Aand type B. (Davin Reglict a 
extended-spectum —aminoglyeasides bow 
betlactamse 
producer 
ric Evcherichia colt Carapencmics and Broud-specimum —_Carbupenemases aminoglycone, 165 (Raphael et 
extended-specrum cephalosporins. rRNA methylases, mcr gene. Woeral 2021; 
Beirlucanase— palymyans Rovdiguca-Avil el 
producer Fluoroguinolones 2013; Jayol et al 2017; 


Sadecki etal 201). 


‘They also show resistance to tetracyclines due to enzymatic 
inactivation by flavine-adenine dinucleotide inactivator 


monooxygenase (Nessar et al. 2012; Ananta et al. 2018: 
Luthra et al 2018: Vietoria etal 2021). As. for 
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Aluoraguinolones, dei resistance to these compounds is due 
to mtation inthe quinolone resistance determinant region 
‘hansen etal 2020), 


Staphylococcus xylosus 


Ins a coagulase-negative Staphylococcus that is implicated 
in animal infections, However, dic to the reports of its 
ability to produce infections in humans itis considered an 
‘emerging pathogen (Qu eal. 2021), 

Human infections include brain abscesses, pyelonephritis 
endocarditis, nd septicemia. In addition. its increasingly 
reported asa nosocomial infection-producing species. At the 
Clinical level, iis possible to detect its tesistance to 
‘macrolides, and ithas been determined that this is due to the 
presence ofthe erm gene (Yuan eta. 2021), 
Maltidrug-resistnt strains can also be found, ie with 
resistance to several families of antibiotics. We ean consider 
in this sense that it presents resistance to lincosamie. 
tetracyclines, and aminoglycoside. ‘There is litle 
information on this species and its novel multidrug 
resistance, so accurate identification and monitoring shoud 
‘he corroborated with curtent epidemiological data (Wipf et 
al. 2017) 


Elizabethkingia anophelis 


‘This species is associated with human diseases, especially 
‘neonatal nosocomial outbreaks and increasing incidence of 
hacteremia and mortality (Huang etal. 2017), Recently, 
thas heen a leading cause of life-threatening infections in 
Hong Kong. the United States, and Taiwan (Spurbeck and 
Arvidson 2010; Lau etal 2016; Pesrn et al. 2017; Choi et 
al. 2019; Wang etal 2019). Iti considered as an emerging 
‘opportunistic pathogen and is often misdhagnosed because 
avlomated identification systems routinely used atthe public 
Incalth service level lack sufficient data for its detection (Lin 
etal 2018), 

Ie is intrinsically resistant to many antimicrobial agents 
commonly used to teat Gram-negative infections, such 35, 
ccarhapenem, cephalosporins, and calistin. It was recently 
‘reported to exhibit resistance to at least 20 antibiotics dae to 
igenes encoding different heta-lactamases and ellx pumps 
(Wang et al. 2019). Isolates are usually resistant 10 
cephalosporins, carbapenemics, aminoglycosides 
fluoroquinolones, and vancomycin (Teng et al. 2021) 
Mutations in quinolone resistance determinant regions and 
amino acid alterations have been detected to be asscciated 
‘with levofloxacin resistance (Jian et al. 2018; Lin et al 
2018, 


Excherichia fergusonii 


1k was classified in 1985 as a new species (Farmer etal 
1985), It is an opportunistic pathogen initially associated 


with septicemia and diarthea in animals but is now 
associated with abdominal wounds, wFinary tract infections, 
and bacteremia in humans (Tang et al. 2022), Recent reports 
‘consider it a species of great importance because it 
frequently affects neonates in intensive care units (Rivers- 
Galindo et al. 2021). Phenotypic methods generally identify 
itas E col, bocauseat the epidemiological level there is an 
underreporting of pathogenic microorganisms and. that 
effective methods for their detection and treatment are not 
developed (Tang eta. 2020; Rivera-Galindo et al. 2021). 
Escherichia (E.) ferguson emerges as a microorganism of 
‘eancern duc to its potential for multidrug resistance. Ii a 
Producer of broad-spectrum bett-lictamases resistant t0 
‘arhapenems (Temilola etal. 2019). ln 2016, a plasmid 
home resistance gene was idenilied as the primary factor 
‘contributing to its eolistin resistance (Zhi etal. 2016: Wang, 
tal 2018; Tang et al, 2020: Lis et al. 2022), 

Importantly, there is very litle information on the 
Pathogenic potential of this spocies in humans. However 
Information on is resistance mechanisms to strains isolated 
from animals is high; so, we can consider it an emerging 
zoonotic pathogen (Tang etal 2020: Guan et al. 2022: Liu 
ft al, 2022: Shah et al, 2022; Tang et al. 2022), As 
audressed above, the interconnectedness between human, 
‘nimal and environmental habitats is conducive to the 
emergence, evolution, and spread of resistance, so. the 
‘evolution of this species and those described above should 
he closely monitored 


Conclusion 


Since many studies and clinical practice continue to rely on 
traditional methods based on bacterial culture and 
automated systems to identify nosocomial antibiotic 
Fesistant microorganisms, it is. imperative to show the 
incidence of new resistant bacterial species emerging as 
potential healt problems. With this information, reference 
dlatahases can be updated, and the need to migrate towards 
molecular techniques for accuralely identifying emerging 
microorganisms which can he evidenced whenever possible. 
‘The increasing presence of antibiotic-resistant pathogenic 
species shows the need to minimize the use of inappropriate 
tntimicrobial therapies as they represent risk factors for 
morbidity. mortality. and economic impact related to health 
‘care. If hacteria are accurately identified, epidemiological 
‘nd clnial studies can make significant advances so tha, i 
the short tem, clinicians can prescribe targeted smtibiotics 
that promote the reduction of antimicrobial resistance, 
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History, Current Situation, and Future Perspectives on Antibiotics and 


Antibiotic Resistance 


INTRODUCTION 


Antibiotics ate the most crucial drugs for fighting bacterial 
infection, widely used to treat and prevent such diseases. 
Even though these are used against bacterial infections, some 
lanubiotics also possess aniprotazeal activity. The term 
‘anibiotic means “opposing life,” from the Greek roots anti 
against,” and bios. life." and refers to any compound used 
against germs (Hutchings etal. 2019), 
‘The records of using antibiotics date back to ancient times. 
Many civilizations from ancient Egypt, Nubia. China, 
Serbia, Greece, and Rome topically applied moldy bread 10 
‘real infections. John Parkinson (1567—1650) was the frst to 
document infection treatments with molds (Hutchings eta 
2019). Moreover. antibiotics overturned medicine in the 20 
‘century when Alexander Fleming (1881-1955) eame upon 
Penicillin in the late 1920, and the widespread use of which 
significantly reduced the wartime death rates (Hutchings et 
al. 2019), 
‘Antibiotic classification can be based upon the mechanism of 
‘ction ae the inhibitors of ctrl cll wall synthesis, protein 
symhesis, nucleic acd synthesis, folate metabolism, and cell 
‘membrane disruptors. Another way to clisify antibiotics is 
according to the spectrum of atvity into narow- and broad 
spectrum antibodies, A narrow-spectrum antibiotic can ony 
{lo inhibit limited bacterial species, On the athe hand 
broad-spectrum antibiotic aects two major bacterial groups, 
Gram#ve and Gram-ve Joyner etal. 2020), 
The continuous use of antibiotics eventually leads to 
resistance development by infectious bacteria (Christi et al. 
2020). Antibiotic resistance (AR) is the loss of bacterial 
Susceptibility to an anibioi’s bactericidal or bacteriostatic 
Properties (Fries etal. 2017). AR refers to the increased 


tolerance to therapeutic repimens to which the pathogen was 
sensitive before developing resistance. When a resistant 
strain dominates an infection, it may be untreatable and 
{rievous, Bacterial pathogens have been a significant ease 
illness und fatality fora long time, The antibiotic discovery 
Provided a simple and cllicient therapy for hacterial 
Infections. and since then, antimicrobials have tremendously 
impacted human wellness and longevity. However, these are 
jeopardized by the rise of AR as many infective bacteria have 
hecome resistant to the main antimicrobial classes, and 
multidrug-resistant microbes have caused unteatable 
‘diseases (MacLean and San Millan 2019) 

'AR poses significant health and economic effects, and the 
Yearly cost could rise to 10 million deaths and USS10Q0.000 
fallion by 2080 (MacLean and San Millan 2019), AR 
development yas reporied in the eafly 19406 following 
Penicillin’ initial large-scale uses. Penicillin's massive 
redaction was part of World War I's bigger war campaign 
‘when the drug was uilized widely by military units and some 
‘ila people (Banks etal. 2019), With pentcli's efficacy 
in weating wounds, the antibiotic was exalted for reducing 
sexually ansmitted diseases among the woops since it was 
effective against bacterial pathogens famous for causing 
‘phils and gonorrhea (Guy 1991). 

Penicillin resistance was reported even before the Second 
World War—firsily in 1940 by British scientists Chain and 
Abraham, who reported an enzyme able to destray the dru. 
In 1044, several researchers independently described 
penivilli-deactivating enzyme released by some microbes 
{Lima et al. 2020). In. the subsequent decades. 
‘overesploitation and repeated antibiotic use favored the 
survival and emergence of many antibioic-esistant bacteria 
(Chokshi et al. 2019). 

Bacterial cells can acquire AR in two main ways: through 
‘mutations in the cells DNA during replication and resistance 
‘cquistion by bacteria through horizontal gene. transfer 
(Melnnes et al. 2020). These mechanisms give rise to 
resistance development since they cause biochemical changes 
that alter specific bacterial cell properties, rendering the cell 
susceptible to an antibiotic. ‘These mechanisms include 
activating efflux pumps that take a drug oat ofthe cel, drug- 
inactivating enzymes, altering bacterial molecular deug 
targets and inhibiting dug uptake (Yel and Kishony 2018) 
Antibiotics are essential for treating medically significant 
‘disease cases and are wsed in animals to treat and prevent 
infections. Indscriminative use of antibiotics or incomplete 
treatment courses causes resistant bacteria to tolerate a 
sublethal drug dose. This isthe leading reason for drug- 
induced resistance that distributes among humans vi fod, 
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‘water contaminated by animal waste, and the surroundings 
‘where slaughtered animal waste is discarded, The resistance 
fan affect the human population, causing huge 
sociceconomic costs (Ahmad and Khan 2019) 


History of Antibiotic Development 


Molecules with antibiotic effests syathesized by various 
‘microbes were present long hefore humanity realized ther 
hhenefit in treating bacterial diseases. Microbes have been 
‘exposed to selection pressures from antimicrobials fora long 
time, mainly within small areas where antbiotic-producing 
‘organisms exit, Mase-production of antibiotics started inthe 
140s, mainly semisymthetic products of naturally 
synthesized molecules and a few completely symthetic 
fanubvcterials, Consequently, fcerial populations became 
exposed to high antibiotic concentrations, leading to speedy 
resistance among many pathogens today (Chinemerem 
Nwobode etal. 2022) 

The golden years of antibiotic discovery. development, and 
‘production took place from 1940 tothe 1960s and continued 
in the following years but not as speedily asin previous years. 
The timeline of antibiotic development is depicted in Fig. 1 
‘The most common antibiotis are penicillins. cephalosporins 
tetracylines, aminoglycosides, ‘macrolides; 
chloramphenicol, and. glycopeptides. Alexander Fleming 
‘came upan the first antibiotic, penicillin Gin 1928. Penicillin 
isa fctericidal drug tt acts hy adhering the fctam ing to 
DD-transpeptidase. This binding prevents peptidoglycan 
crosslinking and new cell wall synthesis (Stepek etal. 2019) 
CCephalosporins are also lactam bactericidal antiietcs 
lscoverel by the Halian scientist Giuseppe Brotzu in 1945 
by isolating a mixture of compounds from Acremoniam, a 
‘mold previously called Cephalasporium (Jones 2008) 

In 1044, a Streptomyces. griseus strain was found t0 
symthesize an aminoglycoside named streptomycin, which 
events protein production by ataching to the bacterial 30S 
‘lbosomal subunit Streptomycin marketing began in 1946 10 
{zeat tuberculosis, tuberculous meningitis, and other bacterial 
infections (Willey tal. 2008), 

Chloramphenicol was initially purified trom a culture of 
Streptomyces venecuelae in. 1947. Cloramphenico!'s 
‘anlimicrobial effet is a reversible binding tothe ribosomal 
‘SOS subunit, preventing bacterial protein synthesis, 
(Chloramphenicol was the firs Food and Drug Administration 
(FDA}approved broad-spectrum antibiotic, showing 
excellent tissue permeability. Nevertheless. various toxicity, 
issues were discovered in the 1960s, and it is presently 
seldom prescribed (Wiest etal. 2012), 

The introduction of tetracyclines started with the discovery 
cof chlortetracyeline in 1945, Members of this class exert 
antibiotic activity by disrupting protein synthesis and acting 
‘on the ribosomal 308 subunit, Chlortetracyeline, a product of 
Streptomyces aureofaciens, is unstable in strong basic or 
acidic solutions. leading to its hampered biouvailability (Liu 
and Myers 2016), 
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Macrolides are the second most commonly prescribed 
antibiotics alter penicillins. ‘These are naturally syathesized 
by Saccharopolvspora erythraea and were discovered 
1952, starting with eryhromyein. Erythromycin is a 
hucteriostatic antibiotic that binds to a bacterial 50S 
ribosomal subunit, However, its poor oral bioavailability and 
instability under acidic conditions hinder is therapeutic use 
(Cyphert et al. 2017), Virginiamycin, isolated from 
Sireptomsces virginiae in 1952, was the frst identified 
Streptogramin, a class of antimicrobials formed by a 
polyunsaturated macrolactone and acyclic hexadepsipepide. 
Either substance binds to the ribosomal 50S. subunit, 
demonstrating « middling activity but their synergistic elfect 
increases their therapeutic efficacy (Mast and Woblleben 
2014). Fig. | indicates the timeline regarding the discovery 
‘of various anibiotis, 

‘The first glycopeptide, vancomycin, was discovered in 1956 
as a product of Amycolatopeis orientalis and is currently & 
lastine drug. Glycopeptdes interrupt cell yall syatesis by 
interfering with the transpeptidation and transglycosylation 
Steps, inhibiting cross-linking and cell wall maturation 
ames eal. 2012), 


Classification of Antibiotics 


‘The ribosome is one ofthe best antibiotic targets and many 
antimicrobials used presently specifically target the haterial 
ribosome. Many antibiotics suppress bacterial growth by 
inhibiting ribosome functions. For example, macrolides are 
road-spectrum bacteriostatic antibiotics inhibiting many 
Gram#ve bacteria, used for over sixty years. Macrolides 
hinder bacterial protein synthesis by ining to the ribosomal 
50$ moiety and targeting the bacterial ribosomal nascent 
peplide exit tunnel (NPE), The NPET is about 100 A” long 
tnd 10-20 A° in diameter and is & hallway that allows 
synthesized proteins to leave the ribosome (Viizquez-Laslop 
snd Mankin 2018), 

Macrolides were thought to inhibit translation merely by 
dibstructng the NPET and inhibiting the movement of newly 
synthesized polypeptides once they reached certain length. 
Structralstdes have supported this view by exhibiting that 
‘macrolides significantly marrow the NPET (Fig. 2). This 
‘concept was confirmed by in vitra studies demonstrating that 
erythromycin causes peptidyltRNA accumulation during 
synthetic. mRNAs’ translation, suggesting translation 
clisrupton in its early stages (Seefeldt etal. 2021). Pept 
RNA accumulation was also detected in macrolide-treated 
cells (Hasan et al. 2021), 
‘Aminoglycosides are bactericidal antibiotics that bind t the 
ribosomal 308 subunit. These are thought to adhere to the 
Acsite (aminoucy!) on the 168 RNA. which is a portion of 
the 308 ribosomal subunit, This binding causes the genetic 
‘code to be misread and disruption of translation, leaving the 
hcteria incapable of protein synthesis (Block and 
Blanchard 2021), 
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lactam antibiotics comprise penicillins, cephalosporins, 
carbapenems, and menobactams (Fig. 3). All contain a B- 
lactam ring and kill susceptible bacteria by suppressing the 
‘wanspeptidase that triggers the as step in cell wall synthesis 
(MacDougall 2017). Blactams inhibit bacterial cell wall, 


particularly peptidoglycan, synthesis. Peptidog!ycans are the 
bacterial exoskeleton that strengthens the cells integrity and 
shape and prevents bursting (Auer and Weibel 2017). These 
structures eass-link inthe lst stage of cell wall formation to 
produce peptidoglycan polymers via membrane -anchored 
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lg. 3: Major classes of amibactral compounds 


enzymes such as transpeptidases, carboxypeptidases, and 
endopeptidases, collectively known as penicili-binding 
proteins (PBPS). Penicillin exerts antibacterial activities by 
Inhibiting cell wall formation (Stepek etal. 2019). The drug's 
binding tothe target organism's proteins inhibits PBPS, which 
fare naturally occurring. proteins in the cell wall. Once 
targeted, these proteins are inhibited from completing the 
peptidoglycan formation, which is essential to bacterial cell 
‘wall synthesis. This cell wall synthesis inhibition, combined 
‘with the ongoing cell wall degradation via the action of cell 
‘wall autolytic enzymes, finally causes bacterial cell lysis and 
death (Bazabis etal. 2022), 

Cephalosporins are & large group of bactericidal flaca 
anubiotics used to treat Grameve and Gram-ve bacterial 
infections that act vi Bact rings. After the attachment of 
the lactam rings to the PBP, normal activity is inhibited 
‘Consequently, bacteria become incapable of synthesizing a 
cell wall and die eventuilly. Staphvococeus (S) aureus, 
‘usually susceptible to cephalosporins, can become resistant 
hhyaltering the PBP' structure. Resistant S- aureus possesses 
a gene encoding a modified PBP. inhibiting the 
cephalosporins P-lactam rings from deactivating the protein, 
Resistant bacteria through this mechanism are called 
‘methicllin-esistant aureus (MRSA). Another important 
resistance mechanism is producing Prlactamase, an enzyme 
that cleaves the lactam ring and inhibits i fom attaching 
to the PBPS, such as peptidoglycan transpeptidase. Inbibitors 
fof lactamase can be co-formulated with cephalosporins to 
{improve ther activity spectra, such as ceftazidime/avibactam 
and ceftolozane/tazobactam (Bui and Preuss 2021). Most 
‘hater have atleast one PP. which i the target foe various 
lactam antimicrobials, such as cephalosporins. penicillin, 
carhapenems, and monabactams (Parsels eta 2021), 


Vancomycin is a non-f-lactam glycopeptide antimicrobial 
wwth bactericidal activity by preventing cell wall synthesis 
and is active against Grameve bacteria. It attaches tothe D- 
alany/-D-alanine (D-Ala-D-Ala), the C-terminal peptide 
structure ofthe peptidoglycan precursor in the bacterial cell 
wall, via hydrogen bonds. When the precursor interacts with 
vancomycin, transglycesylase cannot handle it, inhibiting 
cel wall synthesis. Afterward, replicating bacteria die due to 
a disrupted cell wall, making them susceptible to osmotic 
pressure (Mibhlberg et al. 2020), 

Polymysins area group of bactericidal drugs that disrupt the 
hcterial cell membrane. These are basic peptides with a 
molecular weight of about 1000 Da and aet as amphipathic 
surfactants or cationic detergents. Polymysins interact 
povverfully with phospholipids and inteupt cell membranes’ 
integrity via binding t0 lipopolysaccharides and 
phospholipids in Grum-ve bacteria cell membranes. The 
underlying mechanism of action displaces divalent cations 
from membrane lipid’ phosphate groups and destabilizes the 
cell membrane, causing leakage of the intracellular content 
and cell death (Ayoub Moubareck 2020). 

‘Quinolones are broad-spectrum antimicrobials active against 
‘Gram 4ve and Gram ve bacteria. DNA gyrase isthe primary 
target of quinolones, shown to catalyze the ATP-dependent 
prelacton of negative supercoiled DNA. Maintaining DNA 
supercoiling is vital for the proper regulation of various 
biological processes, The resolution af DNA. superciling is 
crucial to maintain DNA replication rates, and 
topoisomerases manage this resolution. Topoiscmerases! 
activity is necessary and constitutes a prime antibiotic target 
(Bhagwat etal. 2019), Topoisomerases are necessary for 
plasmid replication and the regulation of phage 
recombination (Gutierrez et al. 2017). This discovery olfered 
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new tools to understand the detailed mode of quinolones 
hhactericidal actin, 

Fluoroguinolones are an essential broad-spectrum 
antimicrobial class, Nalidixic acid was the first described 
Quinolone, showing a narrow spectrum of anticterial 
activity. Changes in positions 1, 6.7, and 8 of nalidixic acids 
chemical structure have led to newer, more potent 
quinolones. Quinolones prevent DNA gyrase and 
topoisomerase IV, which are necessary for bacterial growth 
(Lapointe etal. 2021), 

‘Chromiowomal mutations often eause quinolone resistance by 
decreasing drug accumulation through reduced drug uptake 
fr increased efflux. Resistance may also occur when 
{quinolone resistance genes are exchanged on plasmids during 
huctrial conjugation. For example. the gnr gene encoding a 
pentapeptide, which inhibits quinolones action on the DNA. 
{Eyrase and topoisomerase IV. can be transported from one 
bucterium to another through the plasmid. Also, the anc( 
lover gene encodes an acetylase that modifies the amino 
‘group of fluoroquinolones’ piperarine ring and is exchanged 
Via the plasmid (Fabrega etal. 2008) 

Rifampin is a bactericidal antimicrobial that inhibits DNA- 
dependent RNA polymerase (RNAP). This inhibition occurs 
via blocking the elongating RNA atthe Send or redicing the 
RNAP affinity for short RNA strands. Rifampin inhibits the 
‘microbial RNAP and stops further RNA elongation (Suresh 
etal 2021), 

Sulfonamides are synthetic bacteriostatic drugs still used 
today to treat bacterial and other infections (Gulein and 
‘Taslimi 2018). Sulfamethoxazole is a sulfonamide that 
inhibits folate synthesis inside microorganisms sich as 
hacteria, It is praminobenzoic acid (PABA) competitor 
during dihydrofolate synthesis by inhibiting dihydrofolate 
synthase, Trimethoprim directly inhibits diydrofolate 
reductase, inhibiting the synthesis of tetrahydrofolate (the 
active form of folate). Combining a sulfonamide and 
trimethoprim creates a synergistic antifolate elfect and 
inhibits the synthesis of tetrahydrofolate, a compound 
‘necessary fr producing purines involved in DNA and protein 
synthesis. These drugs are bacteriostatic when sed 
Separately, while the salfamethoxszole-trimethoprim 
combination blocks two steps in the bacterial synthesis of 
essential nucleic acids and proteins and is bactericidal 
‘Kemnic and Coleman 2021 


Antibiotic Resistance (AR) 


AR occury when germs develop mechanisms to defeat the 
drugs that Kill them, which means the bacteria continue 10 
‘row. AR is an ancient mechanism since most antibiotics 
currently used in humans are natural compounds of bacterial 
‘or fungal origins. Srepromyces are soil bacteria that ae the 
source of most of the currently available antibiotics. 
Microorganisms have to fight against each other in their 
‘natural environment by secreting antimicrobial chemicals 
land have to become resistant to olher antibiotics, Species 


naturally producing antibiotics ate resistant to these 
substances to avoid self-txicty (Meade etal. 2020), 
Interestingly, multidrug-resistant (MDR) bucterial species 
and resistance genes to currently availahle antibiotics have 
also been purified from environmental and archcological 
specimens. lactamase encoding blaOXA genes date back 
several million years (Bush 2018). Costs and coworkers 
isolated resistance genes to Pelactams, tetracyelines, and 
slycopeptides from 30,000-year-old permafrost specimens 
(DCosta et al. 2011), Kashuha and ber colleagues also 
discovered several resistance genes in a Staphylococcus (S.) 
Jhominis genome from permalrost at Mammoth Mountain ia 
Siberia, returning to the Middle Miocene. The recovered S. 
hominis had maukiple genes associated with resistance to 
aminoglycosides, Pactams, macrolides, lincosamide, and 
streptogramin B (Kashuba etal. 2017)- 177 AR genes in 23 
families, representing all resistance mechanisms, Le 
‘tation, efflux, and antibiotic deactivation, were discovered 
in microbes isolated from the Mackay Glacier region (Van 
Goethem etal. 2018; Durand etal. 2019), 

[AR has bocome un issue of increasing concer to the medical 
‘community. According to the 2019 AR Threats Report of 
‘CDC, more than 2.8 million animicrobial-esistant infections 
take place in the U.S. ansually, killing more than 35.000 
individuals. Annually, $2,000,000 North Americans get AR- 
associated infections, causing 23,000 deaths. In. Europe, 
shout 700,000 antibiotic-esistant cases culminate into over 
33,000 deaths yearly (Cassini etal. 2019), costing over €1.$ 
hillion (ECDC 2009). Despite a 36% rise in human use of 
antibiotics between 2000 and 2010 (Laxminarayan etal 
2016), around 20% of worldwide deaths are due to infectious 
‘iseases (Martens and Demain 2017). Unfortunately, 
nosocomial infections have become a principal cause of 
morbidity and mortality (Akova 2016), causing lengthier 
hospital stays and increased healthcare expenditures (McFce 
2048) Unfortunately, the outlooks are more pessimistic. For 
‘example, a government-accredted study in the United 
Kingdom forecasts 10,000,000 annual deaths from 
antimicrobial -esitant infections by 2050 (O'Neill 2018). 
‘Antibiotics are primarily applied in food-producing animals 
(FPAs) worldwide. These days, the efective production of 
FPAs is partly duc to incorporating growth supplements 
(Price etal. 2005) and large-scale antibiotic use as growth 
promoters in livestock farming (Rather et al. 2017). Por 
instance, 60% of the antibiotics sold to the U.S.A. food 
industry are also used as human therapeutics (Dodds 2017) 
‘The average worldwide annual antimicrobial consumption by 
snimals in 2010 was estimated at 45 mg/kg, 48 mg/kg, and 
172 mg/kg for cate. chickens, and swine, respectively. 
“Marcover, using antibiotics in FPAS is projected 10 increase 
by 2030 (Price etal 2005). The widespread antibiotic use in 
FPAs contributes to selective pressure, favoring AR 
development and negatively impacting publi health 
‘Antimierobial-resstant pathogens can be transmitted to 
hhumans from the environment or food products and thus 
become a public health concer (Mohsin et al. 2017) 
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Pakistanis one ofthe top 10/animal-produeing countries with 
modern intensive farming practices, and food animals bave 
become crucial fr food security. Unfortunately, lke in many 
‘ther countries, animal farming in Pakistan largely depends 
fon consistent antibiotic use as growth promoters and 
therapies for bacterial diseases (Ur Rahman and Mohsin 
2019), The overuse of antibiotics in animal production and 
the later land applications of manures lead to elevated AR 
levels in the soil environment. Understanding the fate of 
antibiotics and how AR genes spread from animal production 
systems to the soil is essential to minimize AR risks 
(Chaturvedi et al. 2021), 

Veterinary drugs. especially antimicrobials, are one of the 
most critica isues related to animal feed production. The 
Primary use of antibiotics in animals isto prevent and treat 
dliseases and promote growth (Ahmad and Khan 2019). The 
pplication of antibiotics in animals may result i antibiotic 
residues in foodstfls such as meat, milk, and egg. These 
‘remnants may cause several side effects, such asthe spread 
fof antbiote-resistant bacteria, immunopathological 
feansequences, allergy. mutagenicity, nephropathy 
{aminoglycosides}, hepatotoxicity, reproductive diseases, 
hone marrow toxicity (chloramphenicol), and carcinogenicity 
(sullamethazine, oxstetracycline). Because of these 
‘unwanted effects, iti vital fo regulate the use of antibiotis. 
The most crucial adverse effect of antibiotic remmants i 
transferring antibiotic-resstant bacteria to humans. However, 
itis crucial not to forget the effect of AR on the animals, as 
infection by resistant bacteria leads tothe loss of animals and 
flocks due to treatment failure (Bacanls and Basaran 2019) 
Bacteria mast not necessarily be resistant to every antibiotic 
to be life-threatening, and resistance to even ane antibiotic 
‘an be dangers. For example, anibiotic-resistant infections 
Inecetitating second and thirdline therapies can haem 
patients by causing severe side effects, such as organ filure 
land prolonged recovery often lasting months. Many medical 
procedures depend on handling infections using antibitics, 
including orthopedic surgeries, rgan transplants. debulking 
‘ance, and treating chronic diseases ike asthma, diabetes, 
fad rheumatoid arthritis, These infections usually have m0) 
‘weatment options (Durand et al. 2019). 


New Antibiotics in the Last Two Decades 


‘A sanall number of new antibiotic compounds have been 
{developed since 2000, and none of them is effective aginst 
Grum-ve bacteria. ‘These results indicate that new 
antibiotics targeting the gravest public health theats have 
‘not heen introduced (World Health Organization 2019), 
Drugs developed since 2008 fall into four categories: 
lipoglycopeptides, lactam’ fluctamase inhibitors 
quinolones, and protein synthesis inhibitors (Bassetti and 
Righi 2015). The FDA-approved mult-target antibiotics 
their target sites, and their structural classes are listed in 
Table 1 
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Uipoglycopeptide Antibiotics 


Modernized lipoglycopeptides are a subclass of 
lycopeptides distinguished by a lipophilic side chain 
tached toa glycopeptide moiety. These compounds inclade 
teicoplanin and its derivatives dalbavancin,telavancin, and 
critavancin (Morphy et al. 2004). ‘The FDA-approved 
telavancin was used in 2009 to medicate complicated skin 
and skin structure infections caused hy multidrug-resstant 8, 
‘aureus ce other Gramve pathogens aad in 2013 to medicate 
Paeumenia caused by S. aureus and Streptococcus 
‘pnewnoniae. The FDA approved the drug in 2014 to treat 
cute bacterial skin infections caused by pathogenic 
‘Gram#ve bacteria, The same year. dalhavancin was licensed 
for aewle bacterial skin infections by anubiotic-resistant 
pathogenic Graméve microbes (Markham 2014) 
‘Teicoplanin and its derivatives block the cell wall 
peptidoglycan layer cross-linking by binding tothe lipid 
monomers D-alanyl-D-alanine (D-Ala-D-Ala) terminal 
(Wetzel etal. 2021), 

Oritavancin and telavancin maintain vancomyein's 
heptapeptide core, consisting of seven amino acids: five 
sromutics and two aliphatics. On the other hand, dalhvancin 
‘contains teicoplanin's cyclic heptapeptie core, consisting of 
Seven aromatic amino acids. D-Ala-D-Ala hinding prevents 
transpeptidase-medated peptide eros+-linking. Telavanein 
critavancin, and dalbavancin also block peptidoglycan 
‘construction via impairing tansglycosylase-mediated glycan 
‘cross-linking. The lipophilic side chains of teicoplanin. 
fritavancin, and telavancin enhance their dimerization and 
peptidoglycan binding and may disrupt the bacterial 
‘membrane integrity asthe third target of these compounds 
(Wetzel etal. 2021), 

“The daltavancin’s hydrophobic group enhances dimerization, 
and hectrial membrane distuption by dalbavancin bas not 
been elucidated (Cheng etal. 2014). The second-generation 
lipoglycopeptides show better pharmacedynamic and 
pharmacokinetic characteristics than vancomycin (Das et al 
2017), and these are also less susceptible to resistance 
‘development by bacteria, Bacteria can avoid an antibiotic’: 
‘ction ona given target through genetic mutation, Because the 
second- generation lipaglyeopeptidesafect more than a single 
large, random mutations that protect each target are necded 
and extremely improbable statistically (Zhane etal, 2010), 


Modernized f-lactam Antibiotics 


Ceftaroline/Fosamil and Cefiderocol: Celiderocol 
‘vas approved bythe FDA in 2019 for urinary tract infections 
caused by multdrug-resistant Gram-ve bacteria. FDA also 
‘proved ceftarline fosamil in 2010 to treat commanity- 
fcquited bacterial pneumonia and acute bacterial skin 
infections caused by Gram-ve microbes (Moore et al 
2020). ‘These are muli-target antibicties developed by 
‘ational design and belong to the cephalosparin subelass, 
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‘Tablet: Suctural classes and pimary targets of FDA-approved atbiots since 2008, 


Cell Wall Satis 


DNA Replicauon an Tamseipian — Protsin synhess mRNOnS 


Tiposiycopepiies facta lactamase Tom ‘Quinoenes 
“Bivincls eeiderocal eltonsci ayes 
sitvancin ‘eftarline fsa Finatlxacin Plazoaicin| 
telavancin ‘eftaidime/avibactam saosin 

‘eftlovaneftzabactary ‘oxiflonicia 

Smipenenveiastavelebacam fzenoracin 

smetoponen/abbactam fidaxoniin 


included under the P-lactam antibiotis (Sato and Yamawaki 
2019), The cephem moicty of cellaroline fosamil and 
fefiderocol is involved in the principal action to inhibit 
hhacteral cell wall formation via irreversible peptidoglycan 
transpeptidase inbibiion (Wetzel etal. 2021), 


Ceftolozane/Tazobactam, Ceftazidime/Avibactam, 
Meropenem/Vaborbactam, and —_Imipenem/ 
Cilastatin/Relebactam: Four combinatorial f-lactam/}- 
lactamase inhibitor combinations were lately approved by the 
FDA. These combinations are ceftolozanchazobactam 
(approved in 2014), ceftaridime/avihuctam (approved in 
2015), meropenem/Vaborbactam (approved in 2017), and 
imipencmiclastatinielebactam (approved in 2019). These 
‘combinations are used fr urinary tact infections, abdominal 
infections, and paeumeonia (Papp-Wallae et al. 2020) 


Modernized Quinolone Antibiotics 


Fluoroquinolones: Finalexacin (approved in 2014) and 
elafloxacin (approved in 2017) are_fourth-generation 
fluorcquinolone antibintes. These synthetic compounds have 
the sime bicyclic nitrogen and keto-containing core 
structures, Quinolones inhibit one or both bacterial DNA 
syrase and topoisomerase IV (Yamakawa etal. 2002), DNA 
{gyrase modulates bacterial DNA replication and transcription 
bby regulating the DNA’S negative supercoiling. while 
topoisomerase IV mediates unlinking of post-replication 
daughter strands (Ashley et l. 2017), 

First-generation quinolones (eg, nalidixic acid) chiefly act 
‘on Gram-ve bacteria, while second-generation compounds 
(eg, trovafloxacin, iprofloxacin) exert activity on Gram- 
ve and some Gramtve microbes. -Thied-generation 
quinolones (e.g. levofloxacin) exert an extended anti- 
Gramsve spectrum (Dehbanipour etal. 2019) du to thei 

selective topoisomerase IV inhibition, as opposed to DNA 
‘Eyruse inhibition by first and —second-generation 
counterparts. The fourth-generation quinolones (eg. 
delafloxacin, gatifloxacin, and moxifloxacin) inhibit DNA 
syrase and topoisomerase IV. Hence, these are desirable for 
‘weating quinolone-resitant microbial diseases (Pham eta. 
2019). Moxifloxacin, gatifloxacin, delafloxacin, and 
Finaflosacin inhibit topoisomerase IV and DNA gyrase at 
equivalent rates (Saravolatz” and Leggett 2003) 
‘Trovafloxacin and ciprofloxacin are cight and nineteen 


times more potent topoisomerase IV inbibitors than DNA 
sgyrase (Wetzel et al. 2021), 

‘The duabargeting characteristic of fourth-generation 
quinolones. renders them suitable for use against drug- 
Fesistant microbes since the simultaneous mutation at two 
sites of the target proteins is uncommon, Moreover, 
‘eancurrent inhibition of two enzymes in the same pathway 
[puarantees pathway inhibition (Wagenlehner etal. 2018). 


Nonfluorinated Quinolones: Ozenoxacin was the first 
onfluorinated quinolone approved. in 2017 for topical 
‘pplication to treat impetigo caused by S. aureus oF 
Streptococcus pyogenes (Wren et al. 2018). Ozenoxacin 
blocks DNA. gyrase and topoisomerase IV, while other 
aqinolones primarily black one enzyme. DNA gyrase and 
topoisomerase are necessary for bacterial DNA replication 
and transcription (Vila et al. 2019). Another feature of 
fzenoxacin is that it cannot be pumped at of the haterial 
‘ell by efflux pumps. These features make the drug a good 
‘choice for fluoroguinolone-resistant hacterial infections 
{Lopez et al. 2013). In addition, since azenoxacin is not 
fAuorinated, it raises fewer safety issues than fluorinated 
aquinolones (Vila etal. 2019). 

Fidaxomicin (lipiarmycin A3, clostomicin BI. tiacumicin B) 
is a narrow-spectrum antibiotic active against Gramtve 
anaerobes, including Clostridium (Artsimoviteh etal. 2012) 
leis a natural product isolated from several soil acter and 
contains a glycosylated 18-membered macrolactone ring. 
Fidaxomicin yas marketed in 2011 for intestinal infections 
due 10 C. dificile. The drug also demonstrates in vitro 
antibacterial activity on resistant S.aureus and 
“Mycobucterium tuberculosis and exerts anbaceral effects 
by blocking RNA polymerase (Brauer etal. 2022). 
Fidaxomicin and rifampin are bacterial wansription 
inhibitors. However, the former acts at an earlier step in the 
transcription initiation pathway (Babakhani et al. 2014), 
specifically binding to the DNA template-RNA polymerase 
complex, Fidisomicin inhibits the initial DNA. strand 
Separation that forms the open DNA. template-RNA 
Polymerase complex, which precedes messenger RNA 
synthesis by blocking the ¢ subunit (Gualteri etal. 2006) 
Fidaxomicin has a limited spectrum of antimicrobial atvity 
since thas a unique target ste (Tiwari et al. 2010). :ificile 
isolates resistant 0 rifampin or other ~ antibiotic 
(cephalosporins, fluoroquinolones) donot exhibit eross- 
resistance to fidaxomicin (Zhanel et al. 201), Fidaxomicin 
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isthe drug of choice for seating colitis caused by €. difficile 
the third most common nosocomial infection in the United 


States causing 29,00 annual deaths (McAlpine 2017), 
Protein Synthesis Inhibitors 


In the last five years the U.S. Food and Drug Administration 
(FDA) and the European Medical Agency (EMA) have 
approved several new antibiotics with prominent anti-Gracn- 
‘ve bacterial activity, such as plzomicin and eravacycine 


Plazomicin: Plszomicin, approved by the FDA in 2018, is 
‘an aminoglycoside that binds othe ribosomal 308 subunit of 
bacteria, leading to protein synthesis inhibition. Plazomicin 
displays antibacterial activity against aerobic Gram-ve 
hhacteria, such as B 

resistant Enterobactriacese, 
minoglycaside-modifying enzymes (Shucer et al 2019) 
‘The most common adverse effects of plazomicin are reduced 
renal activity, diarhea, hypertension, headache, nausea, and 
‘vomiting, Plazomicin may block neuromuscular activity and 
Cause fetal injury in pregnant women and olotoxiity. There 
is limited efficacy and safety data about plazomicin: hence, 
the antibiotic is indicated for treating complicated urinary 
tract infections in adults with few or no treatment choices. IE 
plazomicin i used in patients with severe renal impairment, 
reducing dosage and drug monitoring are necessary (Clark 
and Burgess 2020), 


Eravacycline: Fravacycline, a fuorceyeline that belongs to 
the tetracyclines, was approved by the FDA in 2018. Iris a 
Ihaterial protein synthesis inbibitor active against multidrug 
resistant organisms, suchas Acinetobacter, methicillin 
resistant S. aureus, Yancomycin-resistant Bnevococeus, and 
F-luctamase-producing —and-—_cathopenem-esistant 
Enterobacteriaceae. Eravacyeline treats complicated intra- 
lvominal infections, andthe most common adverse effects 
‘ae infusion site reactions, nausea, vomiting, and diartiea 
(Heaney tal 2019), 


Conclusion 


Antibiotic resistance isan increasingly common occurrence 
faround the globe, especially in developing counties, and 
hhacteria have developed mechanisms to combst antibacterial 
product activity. Antibiotic usage must he better regulated 
locally and globally, including in developed countries, Along 
‘with global public awareness, thee isa need to stop using 
‘over-the-counter antibiotics and educate prescribers areduce 
abiotic resistance, 
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INTRODUCTION 


Chagas disease is caused by the protozoan parasite 
Trypanosoma (Z:) eruci, also known 36 American 
‘rypanoromiass, The disease was discovered in rural Latin 
America in the 200 century (1909) and curently affects 
fahout 6 million people worldwide. Is transmitted to the 
Final host with the help of a Tristomine bug. The bug 
defecates during the blood meal and transmit T-eruci to the 
final host through stercorarian route. Transplantation or 
congenital blood transfusion can transmit T. crusi. These 
tugs usually live in crevices onthe roots of hoases which 
are normally active at night and hide during daytime. This 
parasitic and chronic infection is the cause of cardiae or 
Aigestive complications that leads to patent death (Monteiro 
etal, 2022). Ths disease is called a silent disease because 
the symptoms ofthis disease in affected people may not he 
shown too early. The ease detection rate for this disease is 
estimated to be 10%, creating a harier 1 treatment and 
transmission. Eyery year around 12,000 people die due to 
complications from Chagas disease, with only 1 in 10 
persons being diagnosed. OF these affected people, only @ 
Few receive treatment. A decrease in cases has been scen 
from 1980 to 2010 when the eases reduce from 17 million 
tess than 6 million. This was made happen by inteerupting 
the blood transfusion transmission (LE etal 2020). Animals 
are also scen to serve as catiers including rabbits, cas, and 
rovdents, Dogs and cats afe recognized as reservoits of 
parasites (Guster etal. 2007, 


“The Chagas disease affect both humans and animals and has 
a large umber of cases every year. Considering the 
significance of protozoa, his chapter briefly describes the 
parasite morphology. prevalence, life cycle. treatment, and 
‘tious control strategies to reduce the infection rate 


Morphology 


T. cruci consists of a single tubular mitochondrion and has 
features like maramalian cells... cristae and the presence af 
DNA (WHO 2002), Inthe mitochondria, the Kinetoplast 
‘consists of a DNA network comprising 22-25% of the total 
parasite DNA called kinetoplast DNA (Macedo et al 2010) 
T. cruzi whose developmental stages lack kinetoplast form 
can't perform @ normal cycle. The shape and size of 
kinctoplasts actuate during different stages of development. 
“Metabolic and structural changes in parasitic life eyele occurs 
‘due to multiple ological changes that make infection visible 
(Vickerman 1985). 

“The vector of disease isa triatonine bug belonging to the 
family Reduviidae, sublumily Triatominae and order 
Hemiptera (Corréa et al. 1998). The protozoan parasite 
consists of three evolutive forms ie, amastigotes. 
‘pimastigotes and rypomastigotes tht can be identified with 
optic microscopy, by keeping in view the kinetoplast position 
in comparison to the nucleus and with the help of flagellum 
visibility (Hoare 1972), 

T.cruci contains an intracellular form that isthe amastigote 
form seen inthe tissues of the vertebral host. There isa hack 
fof exterior flagellam and undalating membrane. Is 
‘measurement is 4.0 um in diameter. The binary division takes 
place every 12 hours and trypomastgote is formed roughly 
10-12 hoursbefore rupturing ofthe cell The amastigoe stage 
forms and can infect newly formed cells in eitculaion (Ley 
etal. 1988), 

‘The epimastigotes form ix present in the opossum anal glands 
and the triatomine digestive tract, A kinctoplast and the 
flagellum are present before the nucleus, a poorly developed 
membrane is also present, measuring up to 40um, and 
‘consisting of freely floating’ Mageliam. In general, the 
hucleolus a the nuceus's center position is present (Lpez- 
Velizquer et al. 2005), It shows movement and presents 
highly replicative activity. The binary division also seen, 
forming rosicea. The temperature of 37 °C severely affects 
the evoluive form, while therange of 20-28C shows aheter 
development. (Kleisen et al. 1976: Pollard et al. 1990: 
Flocencio-Martinez etal. 2010), 

In teypomastigotes, the ability to replicate is lacking, but 
submembrane microtubules are present that perform many 
functions ie cell differentiation, moulty and tissue 


Cat 


‘Aslam SMR, Maghal PIAS, Khan PK, Prince K, Rashid], Raza A, Azam MH and Usman M, 2005. Chagas Disease 


In: Abbas RZ, Saeed NM, Younus M, Aguiar-Marcalino Land Khan A (eds), One Heath Triad. Unique Scientific Publishers, 
Faisalabad, Pakistan, Vol 2, pp: 19-124. htepsdoi org/10.4727B/bookoh/2023.50 


migration and_are considered extrinsic infectious forms: 
‘There are to kinds of trypomastigotes found in the cells of 
invertebrates and yertcbrate hosts. Metamorphic 
‘rypomastigotes are found at the end ofthe intestine oe may 
he present in Malpighian tubules, Morphologically. i is 
similar in appearance to marrow form of the’ blood 
‘eypomastigotes, up 10 Jum in size. A shorter agellum. 
appears near the basket-shaped kinetoplast, and a narrower 
‘wavy membrane appears along it. Blood and other body 
fluids may have trypomastigotes in the Blood. The size of the 
‘wave film ranges fom 12 19 20m (Logan and Menko 2019), 


Prevalence 


Initially. Chagas disease was observed in Latin America in 
the early 16h century. affecting European people (Miles 
2004), In 1950. the first vectr-borne Chagas discase was 
‘reported inthe United States. Immigration also contributes to 
the disease increase from endemic to non-native countries 
{(Develous etal. 2010). 

From 1994 to 1998, donoe screening was conducted in Los 
‘Angeles and Miami to Bind donors who had been horn in cr 
‘nad previously travelled to Chagas disease-endemic countries 
(Leiby et al. 2002). OF these, 7.3% of the donors from Los 
‘Angeles and 14.3% from Miami were iemified as high-risk 
donors. With radioimmunoprecipitation assay (RIPA) 
Validation and enzyme immunoassay (EIA) screening, 7 
‘ruci was detected in 700 donors in Los Angeles and 9.000) 
donors in Miami. The Los Angeles seroprevalence rate 
inreased each year dramatically during the study period. On 
average, 25,000. 19 30,000 donors. were screened. for 
seropositivity. Seroprevalence was highest in places with 
large populations of immigrants from endemic counties. In 
2009, it was estimated that up to 300,000 US immigrants had 
chronic 7 eruciinfetion,almest 30,000 to 45,000 cases of 
‘Chagas cardiomyopathy and upto 300 congenital infections 
annually based on immigration and seroprevalence data in 
endemic countries (Berm etal. 2011), 

Burope has reported isolted cases of Chagas disease since 
1980s (Pehxson etal. 1981), According to the International 
Organization fr Migration, the migration to Europe especially 
southe Europe his increased since 2000. According to 
census data from countries where Chagas is endemic, there 
‘were an estimated 4.83,074 legal immigrants from Latin 
America residing. in European countries in 2005. 14,010 
(29%) of them were considered contaminated and 2,803 
acquired medical attention (Schmunis and Yaden 2010), 


Life cycle 


Lifecycle is completed in two different hosts ic, vertebrate 
thos include human and invertebrate host include reduvil or 
bed bug. (Triatoma infestans). The infective metacycic 
‘eypomastigote stage is injected in to vertebrate host through 
faeces of vector during the act of biting. Te fascal material 
is being rubbed on the wound created during blood meal 
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“Metacylictrypomastigoe is invasive in nature and penetrate 
various cells a the site of wound and transformed into the 
amastigote stage. This stage start mulplying by binary 
fission inside the cells of infected tissues, Afterward, this 
stage gets converted to trypomastigote stage which is then 
Feleased from the infected tissues alter bursting the cell and 
‘enter inthe blood stream. Trypomastigote can be converted 
Fuck to amastigote stage and infect other tissues in the 
vertebrate host. When vector takes a 2! blood meal from 
ame hos. it ingested the trypomastigote stage with blood, 
‘Trypomastigote stage transformed to epimastigote stage in 
the midgut of vector followed hy the multiplication of 
‘plmastigote dough binary fission, Its then transformed to 
Uypomastigete stage in the hind gut of vector which 
ultimately injected again in the vertebrate ost, Fig. 1 
illustrate various life eyele stages of 7 eri in vertebrate and 
invertebrate hsts (asi and Marin-Neto 2010), 


Clinical Signs 
‘Acute Infection 


“The parasite needs 1-2 weeks for incubation, The intense 
phise lasts almost 12 weeks, Patients with this parasite 
‘sually are asymptomatic. Only nonspecific symptoms are 
visible. like fever headache, diarrhea. and voriting. Tey do 
not need any medical care (Prata 2001). Only 1% of people 
show severe conditions like myocarditis and pericardial 
ffusion. Acute disease has a danger of mortality rate of upto 
0.2-0.5%. Under « microscope, trypomastigtes appear ike 
‘smear ofa blufly cot, In some patients, blister forms atthe 
injection ste which is usually referred as chagoma. Lesions 
may also be formed. The occurrence of disease is more in 
folder people than the children older dan two years of age 
Orally wansmitled 7. cruc infection causes more mortality 
and morbidity (Carod-Anal 2007). During an outbreak in 
Veneruela almost 75% of infected people were symptomatic, 
59% individuals were seen having ECG abnormalitis, 
1among them 20% were treated and there were We death rate 
(Alareén de Noya etal. 2010), 


Congenital Infection 


Most contaminated neonates are asymptomatic or show 
minimal symptoms, while a small percentage develop a 
severe life-threatening illness (Bern etal. 2009), The clinical 
signe of symptomatic congenital Chagas disease include 
hepatosplenomesaly, anemia and. thrombocytopenia 
(Bitencour’ ct al. 1981). Meningoencephalitis 
‘gastrointestinal mega syndromes, anasarca. pneumonitis, 
tndloe respiratory transportation are among. the severe 
neonatal complications that may occur. According to 
Published data, newborns with infections typically die 
hetween 5% to 20% more thn infants without infections 
(Torrico et al. 2004), 
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lg. 1 Life cycle stages of Teruclin venterat and invetbeate bats 
Chronic Infection 


After 8-12 weeks of infection, when parasitemia levels are 0 
longer visible under a microscope, the person enters the 
fright period of 7. crwzi contamination in the 
nonappearance of successful etiological treatment. People 
‘with teible 7. chic) infection can indirectly transit the 
parasite to other individuals through blood components, 
‘organ contribution and congenital transmission despite the 
lack of minute parasites in the peripheral blood (WHO 2002). 


Diagnosis 


Depending en the stage of the disease and the status of the 
patiet suitable diagnostic test for 7 cru infection ean be 
performed, 


Diagnosis of Acute Infection 


Motile trypomastigotes can be found during the acute phase 
‘under a microscope using the latest anticoagulated blood 
preparations or bufly coat. Parasites can also be observed 
‘under a microscope using Giemsa sain ar other dyes on 
blood smears. While relatively sensitive during the acute 
‘hase, hemocultue in one of the standard parasite mediums 
{aking two to four weeks to show reproduction. Within 90) 


‘days of infection, even without therapy the parasitemia level 
declines and becomes microscopically undetectable during 
the chronic phase. PCR can be perlocmed to detect the 
infection in patients who got the infection unintentionally or 
received an infected organ (Wegner and Rohwedder 


Diagnosis of Congenital Infection 


Similar diagnostic procedures are used for congenital 
Chagas’ disease, which manifests as an acute To enuci 
infection in infancy. Fresh blood testing is less sensitive than 
the concentration method. The procedure most frequently 
ted in medical facilities in’ Latin America ts the 
microhematocrit technique. With the help of light 
microscopy buffy coat layer is surveyed (Feil etal. 1983) 
‘ler delivery, parasitemia levels rise which peak up to 30 
{days oe more: Repeated sampling within the first few months 
afer delivery increases the sensitivity (Mora etal. 2005). 
Although the process is uncommon, but the molecular 
rmthods can identify congenital contaminants advance in Life 
(Duty etal. 2009). In developed nations like Latin Amer 
PCRisthe selected procedure forthe timely identification of 
ceongenital disease, Afer nine months of age, when the 
Transmitted matemal antibody has vanished, and the 
‘congenital infection has transitioned into the chronic phase, 
conventional IgG serology is advised for infants not 
identified at birth (Carlier and Truyens 2010), 
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Diagnosis of Chronic infection 


‘Two serological examinations built on several procedures, 
such as immunoblotting, IFA and ELISA, are employed to 
boost the validity ofthe result because no single analysis has 
sufficient sensitivity and dstinetion tobe relied upon lanely 
(WHO 2002) 

Inevitably, some people subjected to two different tets 
‘whose serological resulls are inconsistent may require 
additional testing to determine their infection status. Because 
Findings from less sensitive tests may yield negative cesuls, 
specimens with the postive outcome but low antibody titers 
are probably disposed of the discrepancy. (Umezawa et al 
1999; Sosa-Estani etal. 2008). Trypomastigote-climinated 
antigen immunoblot (TESA-blot) is another technique used 
tw diagnose the chronic infection, but it does not have beter 
susceptibility and may not be able to accurately identify the 
infection (Leiby et al. 2000). FDA has approved several 
ELISA kits for diagnostic use. Instead of relying on internal 
‘uicomes for which there are no conducting facts, is 
preferable to utilize an assay with validation data (Bern et al 
2008) 


Utility of PCR for Diagnosis 


Accurate method for diagnosing acute stage and early 
‘eangenital Chagas illness as well 3s checking for critical T. 
‘rici contamination in recipients of spoiled organs or after 
‘unintentional exhibition, is using PCR method (Chin-Hong et 
al. 2011). PCR assays typically produce postive results 
hefore the appearance of circulating trypomastgotes on 
peripheral blood smears (Schijman et al. 2000). The 
‘immunosuppressed host with 7: ersci contamination can be 
tested for reactivation using quantitative PCR techniques. An 
‘untimely and tactul predictor of reactivation in these patients 
is quantitative PCR testing, which shows growing partite 
levels overtime. Conventional PCR results in these patients 
do not verify reactivation (Diez etal. 2007). PCR is uiized 
in longterm 7: crucé contamination as an investigation 
apparatus, but typically it is not an adequate diagnostic trial 
Even though a percentage of patients will have postive PCR 
results, the sensitivity varies greatly depending on the aspect 
fof the residence being examined and PCR primers and 
techniques, For these reasons, negative PCR findings de not 
prove the absence of infection. (Basquiera et al. 2003) 


Treatment 


Only benznidazole and nifurimox have been shown t0 
clfectively treat Chagas disease. Other medications besides 
these can be employed. but omy by the inquiry procedure. A 
nitrofuran called nifurtimox disrupts the metabolism of 
carbohydrates in 7. crici by preventing the formation of 
Pyruvie acid, Hetween 30 4 to 70% of patents experience 
side symptoms relating to the digestive system, Anorexia is 
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included, which causes loss of weight, motion sickness 
nausea and discancertment in the abdomen, The syraptoms of 
neurological poisoning. such as irritation, sleeplessness, 
‘confusion, and, ess fequently, temers, are also very typical 
Polyneuropathy. peripheral neuritis and paresthesia are 
luscommon hut fave more severe averse effects. The 
peripheral neuropathy, dependeat an dose. develops late in 
‘herapy- Infants receive higher dose than older children, while 
children generally have better medication tolerance. A 
hutroimidazole derivative called benzmidazole is thought to be 
tore trypinocidal than nifurtimox. ‘The most commen 
dermatological adverse effects are photosensization related 
rashes, which rarely proceed to exfoliative dermis 
Dermatitis that is severe, exfoliative, or connected toa fever 
snd lymphadenopathy should ease the medicine tobe stopped 
Fight away. Peripheral neuropathy is dependent on dose 
typically develops late in therapy and isa sign that treatment 
should he stopped immediately. This is reversible. bat t may 
lake months to determine, Beginning nine to ten days 
following the start of the analysis, patients should be checked 
for dermatological side effects (de Andrade eta. 1996). 


‘Treatment of Acute and Congenital infection 


Both medications lessen the simplicity of the signs, shorten 
the distance course. and shorten the period of apparent 
parasitemia in critical and early congenital Chagas disease. 
Nifurtimox was used in the initial ant-rypanosomal 
‘medication trials inthe 1960s and 1970s on individuals with 
cute Chagas disease. $1% of patients who reseived acute 
his treatment had serological cure verified a the [2-month 
follow-up (Beau etal. 2011), 


‘Treatment of Chronic 7. cruz/Infection 


Antiparasiic drugs were thowght to be only helpful during the 
tacute phase, which includes carly congenital infection. In 
‘contrast, two placebo-contolled studies were conducted in 
the 1990s on children with persistent 7. crust infection and 
bentzmidazole showed a cure rate of 60% (Gasca etal. 2007). 


Prevention 


‘To prevent from chagas disease following precautionary 

measures must e taken 

Using of insect powder and spray gun 

# Have proper house lesnliness. 

Must follow different preventive measures such as 
transportation of food, consumption, and storage. 

+ Conduct seminars to provide awareness about this 
slisease and how can we prevent it 

+ Testing of organ, tissue or cell donors and receivers 

Do proper diagnosis and treatment of people with 
disease. specially women and children 
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‘Chagas Disease 


‘© Screening of infected mothers and newborn (Abad- 
Franch etal. 2010), 


Conclusion 


(Chagas disease is caused by the protozoan parasite Teri. 
migration of people from endemic to nos-endemic region 
played vital role in disease spread, which is heavily 
dependent on globalization, Lack of proper treatment and 
screening of infected people are significant causes of the 
spread of Chagas disease via non-vector rates of mother-to- 
child transmission and affected blood transmission. Despite 
‘various financial and politica constraints, Chagas disease has 
‘heen controlled through the invention of different medical 
and preventive techniques, social improvements, and 
transmission control. Comprehensive efforts are needed to 
‘engage immigrants and tain healthcare providers to prevent 
the spread of disease. 
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INTRODUCTION 


‘One heath approach is collaboration hetween professicnals 
in human and veterinary sector to teat the zoonotic diseases. 
‘The emcept af “One Health” was not widely accepted nti 
now. Through their functions as service animals, food 
producers, study subjects, and disease vectors, animals bad a 
reciprocal effect on umn health, therefore keeping pets and 
‘ther animals healthy ultimately benefited the people. A more 
recent development is the convergence nan. ecosystem 
health approach, which acknowledges the importance of 
‘considering envioumental elements in relation to human and 
‘animal health and the interdependence of human, animal and 
cnvircamental well-being (Gyles 2016). 

The One Health Medicine Initiative has been active since 
2006 and is doing excellent work in the United States and 
faround the world by supporting One Health through 
teaching. lobbying, and therapy. The mission of this 
Drogramme is 10 encourage the use of an interdisciplinary. 
ross-sectoral strategy for reducing health risks caused by 
‘human, animal, and environmental interactions. The recent 
‘currence of zoonatc illnesses ike SARS and Ebola, as 
‘well as the potential for a pandemic of influenza, have 
served to emphasize the global significance of One Health 
medicine and an ecosystem approach (Ges 2016), 


Establishment of Veterinary Pharmacy Specialty 


In the United States, veterinary pharmacy is a relatively 
‘new specialty. About 0 years ago, reported literature 


highlighted first time the pharmacists involvement in 
‘eterinary medicine and veterinary biological Historically 
the functions of veterinarians and pharmacists have 
complemented one another (Ceresia et al. 2009). The 
Pharmacists job was to manufacture and dispense 
Pharmaceuticals for animals, while the veterinarian role 
‘was to diagnose and recommend treatment. Historical 

veterinary colleges have hired pharmacists who have 
specialization in animal health and are responsible for the 
section of medications, as well at the management of 
stock and formularies. Pharmacists are the only health care 
Providers who are required by the society ta teat patients 
of all species, despite the fact that veterinary 
pharmacosherapy’ is rarely taught in. pharmacy. schools 
(Ceresia etal. 2000). According to scenari. the National 
Association of Boards of Pharmacy passed a resolution in 
2014 which emphasized the need of availability of 
‘veterinary pharmacotherapy education at pharmacy 
institutes in’ collaboration ‘with inslitules ‘of veterinary 
midicine to enhance the competency of pharmacists in 
dispensing medications for veterinary patients (Emm 

20) 

Veterinary pharmacists, like other pharmacists in the United 
States, acquired their education from a programme 
accredited through the Accreditation Council for Pharmacy 
Edocation (ACPE). However, unlike a human pharmacist, 
veterinary pharmacist often chooses to gain additional 
training through a post-doctoral experience ora position ia 
veteritary medicine. Although an increasing number of 
pharmacy schools are beginning wo offer electives in 
veterinary pharmacy and these are still rather uncommon 
(Kristine eal 2030), The American Society of Health- 
System Pharmacists (ASHP) Residency Directory has 1456 
post-graduate year | (PGY-1) pharmacy residencies as of 
June 16, 2020, with only five PGY-1 clinical residencies in 
veterinary pharmacy. The residencies in the clinical 
veterinary pharmacy is currently available at veterinary 
Schools of Purdue University. North Carolina Sue 
University, Texas A&M University, the University of 
Wisconsin and the University of California, Davis. When it 
comes to tain the pharmacists, University of California, 
Davis residency position is unigue because iis a cn-funded 
programme by the Food Animal Residue Avoidance 
Databank and has a focus on preparing the residents 10 be 
‘competent in food animal pharmacotherapy and relevant 
litigious issues. After completing their residency 
Programmes, most veterinary pharmacists work in ether a 
veterinary teaching hospital, an academic setting, in a 
hospital pharmacy, a compounding pharmacy, or in a 
‘community pharmacy (Emm 2020). 
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‘Organizations of Veterinary Pharmacy 


‘The Society of Veterinary Hospital Pharmacists (SVHP) is 
an organization responsible for licensing of veterinary 
Pharmacists and has 153 members in comparison to an 
festimated 64,000 members of the American Pharmacists 
‘Association, About hall of SVHP's membership works in 
‘eterinary colleges of various universities. The American 
College of Veterinary Pharmacists (ACVP) is another 
association of veterinary pharmacy which has 182 
Pharmacists with 468 student members. Because of thei 
expertise in compounding of medicines, these members 
offer both human and yeterinary pharmacy care (Kristine et 
al, 2020). Only 32 veterinary pharmacists in the United 
States have completed the “requirements for board 
‘cetiication and passed the part examination given by the 
International College of Veterinary Pharmacy (DICVP) to 
demonstrate their masters of veterinary pharmacotherapy. 
‘Although, veterinary pharmacists provide health care to a 
‘numberof species, logelher with exotic animals, companion 
animals, equine and the food animals, there are no other 
board-certified veterinary pharmacists for teating the 
specific species except the members of DICVP (Kristine et 
al 2000), 


Role of Veterinary Pharmacist in One Health 
Medicine 


The CDC's One Health effort aim is “Yo attain optimum 
hhclth outcomes by connecting the people, animals, plants, 
find theit shared environment” ‘which highlights the 
significance of veterinary pharmacists. The new coronavirus 
that caused a global pandemic of severe actte respiratory 
syndrome coronavirus 2 (SARS-CoV-2}), is a wagic but 
illusrative example of the significance of One Health 
Medicine (Emm 2020). The SARS-CoV.2, frst described in 
late 2019 in Waban, China, has jumped from species most 
likely feom bats, and now it is infecting humans and 
transmitting from person to person, The possible 
transmission of diseases between humans and animals was 
properly detected, when a tiger in the Bronx Zoo tested for 
coronavirus illness (COVID-19) and it was positive under a 
care of zookeeper who was afliced with the vitus. Since 
then, the fecal samples of an additional four tigers and three 
lions have been found to be infected with the COVID-19 
‘virus (Kim etal. 2020, Huang etal 2020), 

‘As the world grapples with cross-species transmission 
issues, infection diagnosis, and guidelines for interacting 
‘with household pets, «health practitioner trained to provide 
treatment for beh human and ncnhuman species is a 
‘wonderful advantage. A research highlighting this gap 
indicated that yetermarians wanted more interpofessional 
engagement with pharmacists in order to better understand 
the zoonotic illnesses, With some household pets testing 
positive for COVID-19. veterinary pharmacists are also 
retrieving a lot of questions from pet owners abut the 
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medications they are giving to their animals. Because of 
their specialized taining, they realized that flids were 
‘coronavirus reservoirs price to the pandemic, therefore their 
vulnerability to COVID-19 should come with no surprise 
{Root etal. 2013, Yoo and Yoo 2020). Despite the fact that 
‘cnines are not generally thought 10 be at high risk of 
‘eantracting coronaviruses since views da aot mulkiply very 
rapidly, more research has been required to determine the 
Fisk aller a small number of canines tested positive for 
antibodies. Particularly in the context of community 
Pharmacies, veterinary phirmacists are in a prime position 
to engage in two-way communication with cients, 
‘educating them on the potential impacts of COVID-19 on 
their pets and the ways in which they can mitigate these 
risks (Yoo and Yoo 2020), 

Stewardship of the hunsin food supply also includes the 
work of veterinary pharmacists, who ensured the absence of 
mdicines in animal fod and their meat or the presence of 
‘adicine should be below the level of federal drestold for 
pharmaceuticals in food. The National Insitates of Health 
hires veterinary pharmacists to ensure that laboratory 
animals are receiving a best pharmaceutical care. Veterinary 
pharmacists also have engagement in government settings to 
‘monitor and prevent the spread of animal-vector borne 
diseases that pose a risk to human health (such as 
leptospirosis, tick borne diseases, eat scratch fever, West 
Nile virus or ras) 


Involvement of Veterinary Pharmacist in Drug 
Discovery and Development 


According to the Intemational Conference on 
Harmonization (ICH), the first step in medication 
development in the United States ist conduct chronic 
toxicological testing on rodent and non-redent animals 
typically healdny rats and beagle dogs (Emm 2020), Animal 
‘experiments ta determine efficacy were crucially significant 
‘during COVID-19 duc to the need fr viable therapy choices 
and the contradictory nature of the available evidence. After 
tdscovering that COVID-19 replicates in the volt palate, 
tonsils and nasal turbinate of ferrets, the specie was 
Proposed as natural animal mevll fr the virus (Seah and 
‘Agrawal 2020: Daly 2020). The coronaviruses are known to 
affect a broad variety of animals, including exotic and 
‘domestic felines. During a pandemic, when information is 
scarce, natural animal models can be invaluable in 
determining the clinieal application of innovative medicines 
hy evaluating their efficacy in parallel. Data trom 
Pharmaceutical firms is available to help veterinarians to 
treat their patients as, under ICH. guidance, medications 
looking far FDA approval undergo pharmacokinetic 
reseirch i. animal models. In 2018, the Kansas State 
University and the University of Missouri, Kansas City 
‘established a joint initiative called 1 Data to address this gap 
in dhe market and has been serving asa central epository to 
Provide information on human and animal health. For the 
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purpose of accelerating the development of medications for 
foot humans and animals, as well as answering. critical 
feancerns that arise during the zoonotic outbreaks of 
COVID-19, this partnership aims 10 obiain animal and 
‘human data from a wide range of sources (Emm 2020). 
Veterinarians treating animals could benefit fom the 
knowledge of a veterinary pharmacist who is familiar with 
‘where to discover relevant animal pharmacokinetic data and 
its potential implications for public health. The FDA 
Emergency use authorization (EUA) of certain medications 
including remdesivir, the best weatment of COVID-10, is 
also being tested agains the Ebola virus before it was given 
the EUA. This drug has also shown promising results 
against olher coronaviruses in animal studies, including 
Middle Easter respiratory disease and severe acute 
respiratory syndrome (Ison et al. 2020). The EUA allowed 
doctors to start using a medicine in humans des 


Veterinary pharmacists are a valuable resource due to their 
ahilty to generalize from studies conducted on animals to 
thuman therapeutic practice, Due toa total lick of N-acetyl 
transferase in canid species, experimental drugs requiring 
acetylation during phase I metabolism are predicted to 
exhibit high toxicity in research dogs. An invaluable 
contribution that a veterinary pharmacist may make to a 
‘pharmaceutical company in creating a medicine would be to 
explain that toxicity fas happened due to changes in 
‘metabolism, rather than pharmacological failure (Mealey 
2019) 


Role of Pharmacist in Climate Changes 


People's health has been significantly impacted by 
anthropogenic glohal warming because of the increased 
severity and frequency of extreme weather measures and the 
‘resulting increase in air pollution. More than a quarter ofall 
deus around the world are attibuted to cardiovascular 
disease, stroke, lung cancer, and chronic respiratory disease 
all of which are exacerhated by greenhouse gas (GHG) 
emissions. The World Health Organization forecasts that 
between 2030 and 2050, this climate change will cause a 
further 250.000 fatalities annually as a result of hunger, 
malaria, diarehoea, and heat stress. Annually, air pollution 
‘uses about 20,000 early deaths in Canads. It is particularly 
challenging for children, the elderly, and people with 
chronie illnesses to cope with life. The sector responsible 
for providing health care services is a substantial source of 
‘greenhouse gases. Canada’s health care system contributes 
4.6% to national GHG emissions, which ison par with the 
UK's (3%b-49), Australia's (79), and the US's (94-10%) 
Public hospitals (22%), pharmaceuticals (21%), and medical 
services (134) ate all significant contributors to greenhouse 
{g88 emissions in Canada’s health care sector. Three-quartrs 
fof all greenhouse gas emissions from the healthcare sector 
come from drugs, both legally and ilegally obtained (Roy 
2021), 


About, percent of these pollutants originate trom 
upstream economic activity like producing energy or 
Pharmaceuticals or operating transportation systems. 
Manufacturing, sourcing. delivery, disposal (through 
incineration), packaging. and use contribute to the GHG 
‘emissions associated with pharmaceuticals during the course 
ff a drug's life eycle (Roy 2021), The carbon footprint of the 
UK National Health Service (NHS) hus been significantly 
increased by the use of metered-dose inhalers (MDIs) and 
‘gaseous anaestheties (2% and 4%%, respectively). In 
‘comparison to carbon dioxide, the hydrolluorcalkane 
propellants used in MDIs are more hazardous and damage 
the environment by 3350 times more than COs. It has bees 
calculated using data from the United Kingdom thatthe CO; 
‘emissions produced by a single patiats inhalers over the 
course of year (12 controller inhalers at 19 kg CO: 
‘equivalent each and 3 salbutamol inhalers at 28 kz CO; 
‘equivalent each) are the same as those produced by driving 
1 car up to 3200 bilometers. Soft mist inhalers (es. 
Respimat) and dry powder inhalers (DPIs) emit less than 1 
kg of CO: equivalent per inhaler, while these emissions are 
between 10-and 37 times higher. The anaesthetic gases 
Fesponsible for greenhouse gx emissions include 
desflurane, which is 2540 times more harmful than COs, and 
nitrous oxide, which is less hazardous than desflurane but 
nevertheless used in large quantities across the healthcare 
industy. When compared to desflurane the greenhouse gas 
‘emission profile for sevellurane is seven times more 
favorable (Singleton etal. 2018). 

I adklition, medications are ingested and have detrimental 
effects on human health, human fetuses, and wildlife alter 
centering water systems via drug production effluent, human 
‘excrement, and incorrect disposal. The global impact of 
Pharmaceutical GHGs can be mitigated through measures 
suet as reducing overall usage (through rational prescribing. 
ddeprescribing. and not storing). selecting. less. carbon 
intensive goods (using DPls), and ensuring correct disposal 
through incineration, When it comes to energy efficiency 
transportation, and purchasing practices the NHS is ahead 
ff the curve. The carbon footprint of health and social 
services has decreased by 1% between 2007 and 2017 due 
to their efforts to cut carbon emissions, Key initiatives 
proposed by the health care sector to support a healthy 
world include leadership committed to. environmental 
health, an immediate reduction in GHG emissions, and the 
Procurement of sustainable products and resources, 
‘especially pharmaceuticals, In addition, the World Health 
‘Organization promotes the ws of allemative energy sources, 
public transit. and active transportation methods ike 
hicycling and walking as altematives to automobile use to 
lessen the impact on the environment (Roy 2021 

Pharmacists, as highly respected members of the medical 
‘community and 35 potential movement lenders, are ina 
Prime position to advance environmental protection. Large 
pharmaceutical carbon footprints highlighted the importance 
‘of pharmacists. For patent health and safety across the 
‘world, pharmacists can take the following steps. 
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1 Replace MDIs_with DPIs or soft-mist inhalers if 
‘medically feasible, The National Health Service (NHS) has 
included a carbon footprint consideration into an asthma 
Fatient choice assistance for inhalers. In addition, teach 
patients how to effectively use their inalers to cut down en 
‘waste (Roy 2021). 

2. Improve the medication efficiency through rational and 
‘thoughtful prescribing. It has boen estimated that 202 tonnes 
of greenhouse gas emissions may be saved if medicines are 
being used according to the recommendations of the 
National Insitute for Health and Care Excellence guideline 
(Roy 2021), 

3. Promote the use of inhaled anaesthetics that produce less 
carbon dioxide, such as sevollurane instead of desflurane 
‘when necessary, and limit the overuse of nitrous oxide (Roy 
2021. 

4. Teach people under your supervision and in other fields 
hhow to salely dispose of medications, especially MDIs (ie. 
‘return othe pharmacy for incineration) (Rey 2021), 

5 Spread knowledge about health care sustainability to 
patients and medical stall. 

6. Urge top-level administrators policymakers, and medical 
and environmental groups to make sustainable healtheare a 
top peierty (Rey 2021), 

7. Create 4 community environmental group. Health Care 
‘without Harm (huipsi/aoharmorg/), Global Green and 
Healthy Hospitals (hutpss/www.greenhospitasned), Safer 
Pharma (butps/saferpharma.oe/), and My Green Doctor 
(hups//wwwmygreendoctor.or/) are just few of the online 
resources available to help with this initiative. All over 
Canada, a number of hospitals and other medical facilites 
‘ae participating in these environmental friendly 
programmes (Roy 2021), 

4K Evaluate current habits to observe where you can make 
‘changes, such as using a bike or walking to work, holding 
Virtal meetings with patients oc coworkers, or reducing 
‘your paper use and switching to digital journal subscriptions 
oy 2021), 


Conclusion 


In the future, an increase in the number of qualified 
‘veterinary pharmacists may result in a worklorce prepared 
to respond to one health concerns. Veterinary pharmacists 
fare an underutilized resource and should cooperate with 
industrial and academic institutions to create treatment 


‘options and answer all inguiries about zoonotic diseases: 
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More eterinary pharmacy residencies are required to 
auddress this need in healthcare system, Veterinary 
Pharmacists can help answer problems about zoonotic 
disease by recognizing species differences, analyzing drug 
repurposing, collaborating in therapeutic research, and can 
suddress climate concern. 
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INTRODUCTION 


Uleeration in stomach has constantly been reported in poultry 
and livestock. It usually eases persistent diarrhea and poor 
absorption in animals, which leads to economic loss (Li et al 
2020) Wang et al 2021), Gizzard erosion and ulceration 
syndrome (GEU) was firstly reported in chicken in 1930s. It 
‘was described and termed as “ventrcultis’, “black vomit 
"omito negra’ and *Muskelmagenerosionen’ in diferent 
published articles. GEU is characterized by erosive lesions in 
the kein layer of gizzard, and macroscopic defects in 
mucosa (Gjevre etal. 2013). Bacillus species, particularly 
Bacillus cereus (B. cereus) group. is being widely applied 3s, 
probiotics in plant pesticides, animal feed or human food 
Chains. However, some pathogenic B. cereus isolates have 
been recenly proved to be responsible for GEU in birds and 
tmave potential hazards to cause vomiting, diarhea or 
‘ulceration in birds, pigs and human as well (Li etal, 2020: 
‘Zao et al, 2020, Hague et al 2021a). In another study. a 
pathogenic isolate of B. cereus was ebtained from a diseased 
hhen with hemorthaged peumonia andits fed, Subsequently. 
typical diarhes and GEU were determined aller post orl 
administration in chickens. Moreover its genome contained 
Virulence genes which medisted intestinal cell deal and host 
immune system dysfunction (Zhang etal. 2019). When 
cereus along with some other pathogens co-infected the 
ficken and ducks, it caused GEL, and sometimes lead to 
respiratory infection with immunosuppression. promoted 
severe diarrhea and malnutrition (Zao etal 2020, Hague et al 
2021, Haque etal 2022) 


Epidemiology of GEU in Poultry Worldwide 


(GEU has been reported in many countries across the world, 
le atfects various domestic hirds with a prevalence of 1-50 % 
‘depending on species, regia and etiological factors. The 
‘istibation of GEU is well summarized in Table 11s worth 
noting that in American and Asian countries, 20.30% 
‘commercial broilers have been identified to develop mild to 
moderate gizzard evsions (GE) (Contreras 2016). fn China 
GE. is commonly found in fast growing broilers, yellow- 
feather broilers, and ducklings. I resulted in acute diarea 
and sialasorptica within the first with an average 15% 
mortality (Wang eal. 2021), In Bangladesh, the prevalence of 
(GE in braers has reached 10.6-87.2% (Moula etal. 2020). In 
reins of Southeast Asin and South America, gizzard certion 
(GU) is emerging inthe field agai, which highlights the global 
threat to poulry industry (Kichow etal 2020), 


Etiology of GEU in Poultry 


‘There are multiple factors playing a role inthe development 
of GEU, including congenital factors, starvation, 
‘malnutrition, feed material, toxicants (copper sulphate 
biogenic amines, gizzerosine and mycotoxin, such as T-2 
toxin, MAS, DAS, DON) and viralfbacteria infection (Fig 
1). Microbial invasion accounts for a large proportion of 
GEU epidemics, In previous studies, fowl adenovirus 
(FAV-1, FAdV-4, FAY-A) has been linked to GEU in 
brilers and layers in Japan, South Kerea. Germany. Poland. 
Htaly, Sweden and China (Ono etal. 2001: Lim et al. 2012: 
Schade et al. 2013; Zhang et al. 2017: Domanska-Blicharz 
and Bariezak 2019: Wang eta. 2021; Lindgren etal. 2022) 
‘The opportunistic bactena Closridium perfringens was also 
identified in commercial hens with gizeard ulcerations 
(Wang etal. 2021), In another study. B. cereus, co-infection 
with avian influenza virus HON? or Chlamydia psittaci 
induced GEU, respiratory distress and pacumonia in SPE 
chickens (Zhang etal. 2019; Zuo etal 2020). Gastric ulcers 
fe initiated and exacerhated by increased acid secretion and 
1 weakened mucosal burrier (Al-gamni et al. 2021), Feed 
microbial contamination will generate the majority of 
biogenic amines (histamine) which catalyzes the secretion of 
[pistric acid, Histamine is also a potential toxic chemical to 
livestock and poultry as well, Besides this, gizzerosine 
Produced in poor grade fish meal is even # more effective 
simulator of gastric acid secretion in pouliry (Smith et al 
2000). Malnutrition status like deficiency of vitamin B6. 
vitamin E and decreased sulphur-contaning amino acids are 


Cieatk 


Fiague MA, Zuo Zand He C, 2075, Pathogenesis of Gizard Erosion and Ulcerations and Comprehensive Control 


Strategy in Poultry In: Abbas RZ, Saced NM, Younus M, Aguilar-Marcalino L and Khan A (eds), One Health Triad, Unique 
‘Scientific Publishers, Faisalabad, Pakistan, Vol.2, pp: 129-137. https//dolorg/10.47278/bock oht/2023.52, 


‘One Health Wed 


‘Table 1: Prevalence of GEU in ilferen countries during ast wo decades 
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pacar poeriei 
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theta tiger ae 
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aoe ols ‘ive Sppette smd growth acl of ual eens Pen) 
2019 phn jer as 7 ami 
: cn are of ibe ie alm 


‘stamens 


‘Gian enon, GERI cris ac wea 


associated with gizzard ulceration as well (Dinev 2010). 
Purthermore, mycotoxins will eracerhat hatching chickens 
and survival of offspring. In recent report, FBI or 
PBIsDON induced poor” hatchablity. an. increasing 
‘mortality of chicks, GEU and hemorthagic pneumonia 
(Wang etal. 2021). Nevertheless, the etiology of GEU is 
Mill not well-known, various studies of GEL are 
summarized in Table 2 


Tawa 


Pathogenesis of GEU in Poultry 


Due to the complexity of GEU etiology, its pathogenesis 
‘ties trom ease to case. Digestive disorders in poultry mostly 
involve the changes of gastric secretions. either hyper- oF 
hhypo-sccreton affects the internal milieu of gastrointestinal 
tract (Hoere 1998). A hypothetical mechanism of GEU 
caused by cereus in poultry is illustated in Fig. 2 
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Pathogenic , cereus isolates harbor asetof virulence factors, of mest toxins remain unclear (Hague et al 20213), fn vivo 
including emeticdiarsheal toxins (Table 3) and tissue- data demonstrated that the emetic toxin, cereulide, interacted 
destructive enzymes (PLPLC, PC-PLC, SMase, lactamase, with serotonin S-HT3 receptor to facilitate proapoptotic or 
InhAL.NprA). However, the specific molecular mechanisms necrotic. factors, thereby inhibiting ATP formation, 
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‘Table 3: Toxins of B. ceva (Ebling Schulz 2006: Fagerlund et 
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2010, Hague et a 20214: Hague tal. 20016) 


Torins Properties Toxicity 


Emetic 


(Ces K+ omophore heat-stable, 
ghly peptic 


eyelpeptide(124Da) 


Hepa and nun 


‘nd eal fines, and 


‘Encoded Prevalence 
sens) 


ne dysfuton, cereal effets, respeaory ces, cesB 15328 


slses, ionccunulation in il erga ad uses cyto 
tnd mitechondrotosc to various mammalian primary cells 


eric cell death 


Enerooin HBL Heatlbile tee component Intestinal Mud secretion, dsupting cai equilitaum, pore ALA, 29-92. 
ppotens,B(35 kDa}. L1 (36 formation, hemolysis, eylotoxiity. dermancertc and NB, 
Da) and L2 (45 kDa)—_yascular permeability activities OIC. wD 
NHE —Heatlable tse component Intestinal Maid secretion ansinemiran poe formution, hed. #4~ 100 
poteas NheA (39 Da), osmodie and Veto cll is and cell dea ted, 
‘NicB (45 Da and NhoC thee 
(205 ka) 
CK Heac-Labile single-cell Pore fomution, hemolysis, eylotoxcity (Caco 2 and Vero est, 37-89 
poten (34 Da) cells) and necoss| el 
EaLPM/ Single-cell protein (45 Da), Hemolsis, capillay permeability and cytotoxicity (Veo eM 84100 
Cup Mt cells) 
ENT Single-coll pein 0/41 Cytotoxicity. capllay permeability and diaea taxigenicity bee” 
kDa) 
Hemolysios HIyW Heatlabilecholeserol- Pore formation, cell ysis and necrosis ta 
CLO binding hemolysin (52 kD) 
iy Heatabt, Paar Pee fomution,cytetxiity and apoptosis in macrophages MMT 19-56 
‘hun forming xin (pathways) 
Hy] Cligomeric pore-forming Memalysisand pre formation yt 


hemolysin 24 KD) 


downregulating mitochondrial function and_ interfering 
respiratory activity and lipid oxidation, leading to ier failure 
dlring its from the stomach to smal intestine (Hague et al 
2021 Haque etal 2021). B. cereus ean tolerate avery low 
‘BH by forming spores which atlach to the hydrophobic layer 
ff gasrie epthebum (Taila etal. 2016}. The kalin layer of 
gizzard contains high quantities of leucine proteins and 
arginine which accounts for about #0% of it and may assist 


Fig. 2: Possible patopenesis of GEU. 
and dianhea i pouley due 10-2. 
eres infection (Zhang etal. 2019 
‘uo etal 2000; Hague et al. 2021 
Hague ot al. 2021b; Hague et a. 2022 


2. cereus wo form biofilms, leading to stomach avid tolerance 
and metabolism (Majed etal. 2016; 2uo etal 2020; Haque et 
al 2021a), Notably, Hb! and Cytk genes are enterotoxins 
produced by 8. cereus which belongs ta the group of bare 
pore-forming toxin family. These ean cause dermoncerotic, 
{ylotoxic and hemolytic elfects (Ehling-Schulz et al. 2006), 
4 cereus toxins reach tothe highest level during the late 
phase of growth and have the potential to directly destruct 
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Pathogenesis of Gizard Erosion 


the kiln layer and mucosa of gizzard which alter the 
permeahiityof blood vessels and therefore resulted in gastric 
Internal tact damage, long-term ulceration and diarthea 
(Pagerlund etal. 2010; Zuo etal 2020; Hague et al 2021a)-A. 
siudy reported that feed-boene &. cereus co-infected with 
avian inlenza virus (HON2) or Chlamydia psittaci lead to 
serious GEU in all tested chickens (Fig. 3 A-B), which 
‘implies thatthe damage of the integrity of gizzard surface 
allows susceptible pathogens to thrive (Zhang et al. 2019: 
‘Zao al 2030), 


Prevention and Control Strategies against GEU 


Comprehensive measures are urgently needed against GEU 
anda series of measures are highlighed in Fig. 4. To ensure 


lg. 3: The effect of B,cerelHON2 co- 
infection on GE by day 7 postinfection, 
2B. cerens 0B. coreutHON2 displayed 
Severe GEU syndrome while medium 
GEU was observed in the HONDA 
cereus group (white sto¥s). B) The 
‘fect of cereu/HON? conection oa 
GGE by day 14 PLB. cerenslHOND ox 
ONDE. cereus displayed ypical GEU 
and GEU recovery tas observed i the 
‘Beers group (shite arrows) (Zhang et 
a1. 2019) 


lg. 4 Compechonsivesuatogies against 
ptlry guste erosions and ulcerations 
(GEL) 


the sustaining poultry industry and food safety, microbial 
‘control is critical to GEU prevalence. Thus. antibiotic-free, 
alternative approaches are on highly demand for poultry 
industry. Probiotics, herbal medicine, plant extras and 
phytochemicals are documented ta show some promising 
‘effets in multiple studies (Table 4), 

Healthy birds with a good capability of digestion absorption 
and immunity are the commerstone to combat GEU. Therefore, 
‘good environment and proper managements are essential for 
‘GEU contro. Feed industry should process animal eed in an 
‘cemomical and quality comtol ways (Smith et al. 2000). The 
Iiserial and size of feed neods to be carefully adjusted. 
Highly oat hulls in duly dict alleviates GEU effectively in 
brilers(Kaldhusdl etal. 2012; Moula etal. 2020), because 
‘of coarse-grained material containing ton ~soluble fibers, 
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‘Tabled: Probioiuphytochemicaleberal extract wed to contol gastric ulcerations 
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2-Cyelonxygenase 2: EGF=Fpidermal growth factor: FCR=Foed conversion rio: GEU=Gastric eoson and ulceration; GBV=Casic juice 
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‘whieh helps the digestion of gizzard. Moreover, hygiene 
surveillance should be included to check microbial 
‘cantaminations in fed and raw stuf and human food chains 
transmitted from animal feed. Once toxic biogenic amines 
(histamine, gizzeosine) residual inthe fed, these are unable 
tw remove by heating approaches. Although astaxanthin. a 
‘natural antioxidant, has potential to improve gastic-intestinal 
‘wact during GEU and stress (Ohh eta. 2016) it also keeps 
feed and raw material in hygienic condition during the period 
‘of processing or storage (Fedderm etal 2019), 

Probiotics compete with pathogens for niches in gastric 
internal tacts, thus these are able to interfere infections and 
alter host's metabolism. B. cereus has widely contaminated 
in animal diets, however. the limited knowledge and 
improper isolation and identification of different strains 
‘may let virulent toxins be overlooked and promote the 
potential transfer of antibiotic resistant genes “among 
microbes. Therefore, vieulence analysis on gene level and 
‘generally recorded as safe (GRAS) regulation should be 
combined together to decide whether B. cereus probiotic can 
he used as feed additive or being eliminated from animal 
dicts (Haque et al 2021). Moreover, feed fermentations are 
abused for growth promotion using too many probiotics. The 
Process without inspection and supervision may facilitate 
‘Cereus to syathesize toxins. For this reason, protocols for 
Processing and fermentation of raw material need to be 
Standardized and assessed by animal nutritionists and 
‘elerinary experts, Moreover. some mistrial with 
antimicrobial activities such as aseraceae, roel, rosemary, 
love and tayme can be used to control pathogenic B. cereus 
in poultry (Haque etal 2021a). Acdificrs (organic acids and 
thei derivate) have been utilized to regulate gut microflora, 
enhance immunity, improve fed conversion ratio(FCR) and 
body weight. Synergistic organic acid and compounds like 
‘phytochemicals or permeahilizers are regarded a the novel 
‘measures to control infections (Pearlin et al. 2020; Haque et 
al 20216), 


Herbal medicines are regarded as for GEU and resources of 
new drugs aguinst digestive disorders. Herbal medicines are 
widely practiced, accessible effective and safe in routine 
sudministration (Onyeka et al. 2020). Many studies have 
demonstrated that herbal plants, such as Carica papaya. 
Zingiber officinale Roscoe, Musa paradisiaca, Allium 
‘sativum, Moringa oleifera, ‘Rhus tipartta Pulicaria 
undulata. subsp. undulata, Myrisica fragrans, Brassica 
oleracea vat. capitata, Pachira glabra, Polygonum 
cuspidatum, Inula bitannica, Juglans regia, Stevia 
rebaudiana and Alcea kurdica are capable of reducing 
llcerations and gastric syndrome (Takahashi ct al. 2001 
NNkulkwsna etal. 2014; Barka etal, 2017: Fab etal. 2019; 
Kayede et al. 2019; Sattar etal 2019; Liu etal 2020: Kim et 
sl, 2020 Kim et al 2020; El-Din etal. 2021: Kim et al 
2021; Jabbar 2022), Feed-borne mycotoxins (FBI, DON. 
‘AFBI, OTA) negatively impact on the integrity of intestinal 
‘pithelium and cause necrotic enteritis as well as GEU in 
briler chicks, A study reported severely impaired fed intake 
snd grow of chickens and decrease in feed consumption and 
average body weight gain up to 12% and 14, respectively 
during GEU development (Wang et al 2021). In a recent 
Feport, protocatechuic acid (PCA). a naturally occuring 
enolic compound, increased the hatchaility and decreased 
GEU of chicks caused by FB1-contaminated corm and feed 
(Wang etal. 2022). Furthermore, PCA exhibited significant 
antimicrobials against. gram-positive aad gram-negative 
bacteria, and fungi. It also improves humoral and celllar 
immune responses, suggesting a prospective usage in poultry 
industry (Guo et al 2018; Wang etl 2022) 


Conclusion 


“The epidemic GEU in poultry across the world indicates the 
transmissible factors playing a key ole in feed or food chain. 
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Considering the immense threat posed by GEU. the 
‘overwhelming majority of contaminations are microbial and 
toxin contaminations” in animal feed, GEL impairs the 
digestion and immune responses in snimal industry, and also 
exacerbates secondary infections and poisonings, which 
endangers focd safety and public health In order to prevent 
fand control GEU in poultry, long-term monitoring and 
Surveillance are necessary along. with adopting a set of 
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INTRODUCTION 


Mill isa complete dict having a biggest source of lactose 
that provides energy to the consumers. Lactose is digested 
boy the enzyme named as lactase (Vandenplas 2015). Some 
people are deliient with the normal level of lactase that 
leads to the lactose malabsorption. These individuals simply 
suffer with lactose intolerance (Martinez Viguez et al 
2020). Severity of lactose intolerance depends on the 
amount of lactase present in the intestinal flora and 
‘gastrointestinal tact for absorption of lactose (Catanzaro et 
al. 2021). Globally, $74 of the people suffer from lactose 
intolerance just because of lacking lactase enzyme 
(Catanzaro et al, 2021). Keeping in view the prevalence 


record of lactose intolerance, Aiea i onthe top with 100% 
rate of affected people (Lember 2012). In Asia 70% people 
tre prone to the lactose intolerance and dary allergies from 
the ‘milk (Lember 2012). Considering the data from 
‘American region it was just 15S among the whites and the 
rate was higher in Afpican-Americans as 80% (Lember 
tal, 2017). 

and dairy products always remain valuable sources of 
nutrients for young as well as adult mammals (Corgneau et 
al. 2017). Mill contains carbohydrates (carbohydrates and 
father oligosaccharides) in addition to proteins fal, vitamins 
‘and minerals to enhance the growth of probiotic bacteria in 
children's intestine, mainly bifidobacteria, protecting 
infant's gut from infections. Mi lacks only a fe vitamins 
and iron, so, itis also a perfect food for adults (Franzé and 
Bertelé 2010). Bu, in adult age, everyone cannot digest this 
food, resulting in intolerance (Matthews et al. 2008: 
Harrington and Mayberry 2008). Lactose intolerance results 
in pain, distended abdomen, diarthea and flatulence 
(because of mal-absorbed lactose), that needs 10 be 
dlilfeentisted from other subclinical conditions, like lactose 
tmaldigestien and lactose malabsorption (Matthews etal 
2005). Lactose is only present int milk and milk derived 
Products of mammals. It is formed by lactose synthetase 
system in mammary glands, that binds D-galactose 1o D- 
glucose by PHL4 glycosidic bond. Lactse (a p- 
‘alactosidase) is required for digestion of lactose. It is found 
fan the upper surface of microvlli's in small intestine, and 
more expressed in mid jejunum, where less fermentation 
‘occurs de to low bacterial population, It hydrolyses lactose 
to glucose and galactose, that upon digestion, get absorbed 
quickly by intestine and utilized as energy souree and as a 
‘component of glycolipids and glycoproteins, respectively 
(Pranzé and Bertel® 2010), 

Aer weaning, lactase expression is down regulated in the 
enteric cells It results in Lactase Non-Persistence (LNP). 
‘wich bears leat severity and is encountered the most (Will 
et al, 2010). When lactase deficiency is faced, lactose 
rmuldigeston occurs leading to lactose malabsorption, and it 
fefers to a clinical condition exhibiting. gasto-itestnal 
symptoms (Matthews etal. 2005; Misselwitz etal. 2013). 
‘The symptoms may he gasto-intestinal or extraintestinal 
(Matthews et al, 2005). Lactase Malabsorption almest 
allways result from lactase deficiency (Flat 1987: Wil etal 
2010). The symptoms that are consistently seen in nctose~ 
intolerant individuals include diarrhea, bloat, nausea and 
abdominal pain (Deng et al. 2015), The amount of mal- 
absorbed lactose decides the clinical picture of lactose 
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Tactase infalerance 


‘malabsorption. The clinical symptoms are ignored by a 
‘number of patients sulfering from Lactose malabsorption 
fad Lactose non-persisence if small quantity of lactose is 
taken (Wilt etal 2010). The lactase expression varies over 
time in lf; itis present throughout the intestinal mucous 
membranes during 8* week of pregnancy: increases up to 
234° week, and at birth, it goes to its highest concentration 
(Deng et al. 2015). Few months after birt, enzyme activity 
starts to reduce, until t ends up (Franzé and Bertele 2010), 
Considerable amount of lactase is synthesized during frst 
‘year of ile. Later, lactase synthesis is genetically reduced in 
LNP patits. Lactose-intolerance (LI) begins somewhere 
between 2to 3 years and completes by 5 to 10 years of age, 
‘with exceptions reported in some cases(Swallow 2003). A. 
Significant part of human population possesses enzyme 
functionality throughout the life, but other mammals show 
‘unusual lactase maintenance (Deng et al. 2015), The 
incidence of LNP is greatly associated with ethnicity (Welsh 
et al. 1978). Generally, 70% to 100% of maldigestes 
‘riginate mostly from ‘conventional non-milk consuming 
regions. Whereas those from milk consuming regions 
possess less prevalence of LM (Cabullero 2008). 
Functionally, it should be highlighted that SO% of normal 
enzyme activity is suficient for lactose digestion (Franz 
‘and Berele 2010) 

‘Abvlominal distension caused by lactose fermentation by the 
microflora in the gut and the osmotic effect that occurs due 
to the presence of lactose molecules in GIT are the 
pathogenic mechanisms resulting in above mentioned 
symptoms. In afew of LI patients, it has also been reported 
that some strains of micro-organisms reduce carbon dioxide 
to methane that can lead to constipation (Misselwitz etal 
2013). Headache, asthenia, joinvuscle pain, skin lesions, 
loss of concentration and! mouth ulcers are the most 
common extraintestinal symptoms that have been reported 
in many cases (Matthews etal. 2005).2.6 L carbon-dioxide 
and 4 L of hydrogen gas are released by the degradation of 
125 g of lactose (Wolin 1981). Whereas, the normal 
amount of gae excreted is lower than IL of gas per day 
(Tomlin et al. 1991), Yet, the presence of systemic 
syndrome by lactore-intolerance is in debate, and the 
‘mechanism of pathogenesis fae also not heen” distinctly 
cespluined, As the systemic and gasto-inlestinal symptoms 
Appear many hours post consumption of lactose containing 
food and there are a wide variety of even non-dairy products 
containing lactose. which are used as additives in food. the 
patient is not always believed to develop these symptoms 
afier consuming lactose (Dainese et al- 2014). There are 
‘various factors that decide the threshold level of lactose in 
dlilferent individuals that includes amount of lactose 
ingested, lactase activity level, food matrix (taken with other 
dict components), time of stay in gut, and intestinal micro- 
floral composition (Deng etal. 2015). 

‘Although, ingestion of lactose does not enhance the 
expression of lactase, it has been reported that tolerance 
‘may get improved by regularly taking small quantities of 
Iactose. This way. the intestinal microflora become adapted 


tw lactose (Shaukat et al. 2010). So, administering the 
increasing amounts of lactose can regularly address the 
symptoms in patients of lactose intolerance (Hertzler and 
Savaiano 1996; Brie etal. 1997). Modulating the enteric 
micro-cnvironment by enhancing the colonization of f- 
iglactosidase activity harboring strains, could be an elicient 
treatment strategy for lactose intolerant subjects (Fassio et 
al. 2018). The symptoms relieving strategies include intake 
‘of lactose-free fos! components or the products having 
surplus amounts of probiotic bacteria, as well as the usage 
of exogenie enzyme formulations (Corgneau et al. 2013) 
“The diference of lactose digestion in normal individual snd 
lactose intolerant individeal hasbeen shown in Fig. 1 


Calcium Intake and Diet Competence 


{tis well-known fact that ealcium is enormously beneficial 
sand a consolidaive clement of hody, the skeleton alone 
comprising 99% af bodys calcium (Emkey and Emkey 
2012). The calcium homeostasis in plasma is necessary for 
Sustaining activities of lie, like maintaining. skeleton, 
hormonal regulation, nerve impulse conduction and vascular 
functions (Del Valle et al. 2011; Brini etal 2013). Calcium 
im dict gets absorbed in small intestine, and most of it 
sccumulates in bones via citculation, ‘The unabworbed 
calcium excrete oat of body in feces and urine (Del Valle et, 
al. 2011), 

Dairy has been a significant mean of calcium in dict and 
hence studied widely. 120 mg/ 100 mal Cu is present in 
bovine milk. In North America and Europe, dairy products 
account 75% of dietary calcium, vegetables and fruits 15% 
mineral water 5% and other foods account rest of amount 
(Guéguen and Pointllar 2000; Fishbein 2004). Under 
normal conditions, 40% of Cais abworbed from dairy 
products, so the bioavailable is the amount which is 
absorbed by smal intestine and help in mineralizing bones 
(Melse-Boonsira 2020), Physiological factors (growth, 
pregnancy and lactation related) determine Ca storage in 
hones, and several hormones (PTH, calcitonin, calcitriol and 
‘estrogens) regulate i. 

‘aleium is ‘mainly absorbed by intestine via passive 
dliffuion, whereas at low and modest calcium intake, active 
transport oecurs under Vit-D regulation (Guéguen and 
Pointllat 2000). Vit-D fortified milk has been shown to 
improve Ca absorption (Kaushik et a. 2014). Many of the 
‘components in dairy sources help in Ca and other 
substances’ absorption by passive diffusion such as casein, 
phospo-peptides, lactose, phosphorous and whey proteins. 
“Many dairy components inhibit the Ca uptake a well (Table 
1), Lactose acts as a prebotic, as it increases the preduction 
of bifido-bacteria that trigger Ca abworplion in cecum and 
colon and maintain low pH (Shi et al. 2001; Szilagyi 2002: 
Whisner et al 2013). Ca absorption from vegetables 
depends upon the phytate and oxalate content (being higher 
in spinach, cabbage. beetroot broccoli, sprouts) im these 
‘These bind with cations (Ca Mp, Za", and Fe) and 
form indigestible and insoluble complexes, restrieting their 
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‘Table 1 Dillereat Components of diy food soures affecting Ca Absonption 


‘Se No. Food Element Effect on Cu Hiowvalabiiy 


Teterence 


1 Vie Enhances active Ca shops a Tow and anda Tvel (Guten nl Pa 0) 
2 Phosphopepides and Cassin Enhance passive diffusion thy bd with Ca eal ints (Mk and Waser 1980 
Slower see to sali in che Le eta 1983 Ls etal 1989) 
3 roti (atactalbunins and Same ee ss Pho pps and Cain {Guspin an Pina 2000) 
latoglbalin) 
4 Ait Acid (L-Arginine nd L- Sane effect as Phowphoppies and Cain (Lc sta. 1983) 
yin) 
s Game tance pase difison de to broadened paracelilar(Bronner 199 
‘paces niet el ing? 
6 Phosphor Becremes absarpcnit bins Ca to undies fol (Gadgen and Poi 2000) 
complexe. In isl pt of nero, se-aburpon 
increas teses alo urbe Caio nes. 
7 Spon Prtsing Negative Cabulanceductohyperclciaia induction” (Ggn and oil 2000) 
tow Novefect on Ca abc. fr insoluble soups wih (Allen 1982), 


Ca hat soca t acide guste pl 


ra coe etn 


Fig. 1: Difference of Normal Lactose Digestion and lactse 
Inolernce in Intestine (Created en Bio reader} Created. by 
Blender 


bioavailability (Melse-Boonstra 2020). Adults face negative 
(Ca balance after they achieve peak bone mass (~35y) and 
=10 mg Ca is lost every-day. In post-menopausal women, 
this loss may reach 40 mg /day oe more (Avioli 1984; Aras 
tal. 2022), 

‘Accarding 10 studies, it happens at higher Iactose 
‘concentrations (Pansu etal. 1981; Cochet etal. 1983: Krebs 
tal 2015). the amounts presen in milk and dairy products 
are less likely to promote much absorption (Tremaine etal 
1986: Griessen etal. 1989), 


Lactose Malabsorption 


Milk acquires a great importance inthe human diet and isan 
‘essential part of det since thousands of years duc to its high 
‘nutritive Value andthe variety of nutrients incorporated in i 
(Harrington and Mayberry 2008). One of the important 
‘nutrients in milk is lactose which is commonly called as 
“ile sugar” ands found in various dary proicts. Except 


for walruses and sea lions, lactose is the major source of 
‘arholydrate in milk of majority of the mammals including 
humans (Reich and Amould 2007). The significance of 
Ictose lies inthe fact that itis a major precursor of many 
important biological metabolites which fe vital for the 
human life, For instance, lactose is esential for the 
formation af glucocerebrosides: the molecules which are 
‘eansidered the vital components of nerve cells being the par 
of plasma membranes of nerve cells (Luna and Gallardo 
2017). Lactose (Pegalactosyl-I.4 glucose) is basically a 
“disaccharide which is further made of galactose and glucose 
found in milk and is absorbed snd digested in the small 
imtestines of humans. Price tits absorption, lactase needs to 
he hydrolyzed in dhe gastrointestinal tract of humans into 
two components with the action of an enzyme known as 
Inctase. The enzyme lactase-phlorzin hydrolase (lactase) is 
mainly expressed in the brush border of the intestinal villi 
‘where it resides om the membrane of enterocytet 
(Misselwitz et al. 2019; Usai-Satta et al. 2022). Two 
identical polypeptide chains of size 160 kDa are combined 
‘wth the intra eytoplasmic part muike up this enzyme and 
it shows the optimum activity at a pHi between 6 and § in 
the small intestine, Lactose malabsorption cccurs when the 
sctvty of lactase is reduced or declined which may be the 
result of deficiency of this enzyme in the intestinal cells; 
‘commonly Flerred as lactase deficiency. Any damage tothe 
mucosal wall of intestine may cause lactase deficiency oF 
‘even leat failure ofthis enzyme to express and hydrolyze 
the lactose into absorbable components (Misselwitz et al 
2019), Ia a study. the results showed that Japan, Vietnam, 
fand Uganda had the highest prevalence of lactose 
‘malabsorption (100%, while it was the lowest (14%) in the 
Central Italy (Ingram etal 2009: Swallow 2003) 

‘The metabolism of lactose is highly dependent on the 
‘expression and activity of lactase enzyme. Malabsorption of 
lactose is mainly subjected to the lactase deficiency which 
‘can he further classified in to 3 categories viz, congenital 
primary and secondary (Bouchoucha etal. 2021). The other 
name used for lactase deficiency is hypolactasia. The most 
frequently occurring condition is primary hypolactasia in 
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‘which the the activity of lactase at the brush border of 
Intestine decreases progressively and is wholly duc to the 
autosomal recessive condition. C/T-13910 is single 
‘nucleotide polymocphism that may have important role in 
developing lactose malabsorption in specific populations 
faround the world (Schirts etal. 2007). Another type of 
hhypolactasia is the congenital which occurs due to an 
autosomal recessive condition and is very rare to be found 
in most ofthe populations (Anguita-Ruiz etal. 2020), 


Lactose Intolerance 


There ix a common misunderstanding among the people 
regarding the term's lactose malabsorption and lactose 
intolerance and in fact. the later is not synonymous with 
lactose malabsorption, Lactose intolerance isa manifestation 
‘of spmptoms which cccur due to the malabsorption of 
lactose from the small intestine. Lactose intolerance 18 a 
ccndition that is characterized by the occurence of 
abdominal signs including diarhea, abdominal pain, 
bloating. and borborygmi (Zhao et al. 2010), It must be noted 
thatthe development of abdominal signs isnot compulsory 
to every patient of lactose malabsorption because many 
pallens show no signs of intolerance after ingesting lactose 
in their dicts. However, the presence of lactose 
‘malabsorption is a pre-requiste or necessary condition in 
‘order to intite the onset of intolerance ar abdominal signs 
The severity of lactose intolerance or mere specifically the 
‘ecurrence of abdominal signs is dependent on various 
intrinsic and extrinsic factces including the amount of lactose 
intake inthe dict, the intake of ether food items along with 
lactose diet which can influence the bow transit time, the 
rate at which the undigested lactose is transferred to large 
intestine, and most significantly the expression and activity 
fof lactase enzyme in the brush border of the small intestine 
(He et al, 2008; Windey et al. 2015). Regarding the 
threshold levels of lactose for causing lactose intolerance in 
patients, a study revealed that half pint er 8 07 of milk was 
‘enough to cause cramps or develop bloating in almost 54% 
participants inthe study (Bayles et al. 2017; Mitchell eal 
1975). Several diagnostic tests are available for the 
detection of the lactose malabsorption and lactose 
intolerance in uiflerent populations 


Lactase Non-Persistence in Humans 


Except humans all other adult mammals show considerable 
decline inthe prediction of intestinal lactase and is 
considered to occur just after the weaning (Remero-Velarde 
et al 2019). However, in some individuals, the levels of 
lactase remain high even after the weaning is complete 
leading to condition known as lactase persistence. In 
cemtrast to the previous condition, lactase non-persistence 
ALND) is characterized by the comparatively low levels of 
Intestinal lactase or decreased expretsion and activity of this 


‘enzyme known as hypolactasia In ease of humas, the most 
prevalent phenotype is LNP with a prevalence rate of 65- 
70% in most of the populations (Ingram et al. 2009). in 
LNP, there is downregulation of the lactase gene; MCM6 
‘which is situated om chromosome 2 having a size of $0 Kb. 
‘A study showed the impact of C/T-13910 and G/A-22018 
variants of DNA. in downregulating the expression of 
intestinal lactase (Enattahe¢ a 2002). The homozygotes are 
WE 13910 and CIC 13910. responsible for” lactose 
persistence and LNP respectively, while the heterozygote 
responsible for reducing the activity of lactase to hal is C/T 
12910 (Bayless et al. 2017). The genetic variance and the 
downregulation of MCM6 gene is shown in Table 2 

‘The prevalence of lactase non-persistence his been 
calculated in various studies involving various ethnic groups 
in order to find oat the epidemiological variations in the 
ceurence of LNP. According to studies, the highest 
prevalence of LNP was found in China (100%), while in 
Tragi Jews it was 93, and was lowest in the Swedish 
population which was merely 10% (Bayless et al. 2017: 
Corgneau etal 2017: Raz etal, 2013). 


Common Cow Milk Allergies 


‘Cow milk (CM) is nutritious biological fluid introduced into 
infant's dict and cov milk allergy (CMA) is most common 
food allergy. CMA is immune mediated response to cow's 
milk protein that occurs consistently with ingestion. CMA is 
2 complex food allergy and flea misconception disorder 
among the general public health due to confession between 
(CMA and mall intolerance, Both of these terms for distinet 
disorders and require separate technique for diagnosis and 
sritegies for management and cure. In CMA, the immune 
system is involved in adverse reaction to harmless mill 
Proteins, Allergy symptoms damage tissues due to immune 
sjstem aberrant inflammatory response. CMA is not a 
single disease because it” invalves a spectrum of 
immunological mechanisms generally classified into IgE 
rdiated and non-lgE mediated allergy. CMA incidence 
varies with age, IgE mediated CMA. is most frequently 
served foed allergen and more dominant food allergy in 
children’s (2-6°) and decrease into adulthood (0.1-0.5%) 
{Rosset al. 2008; Sicherer and Sampson 2018; Aras et al 
2022), After consuming dairy milk or items containing dairy 
milk, the symptoms of IgE-mediated CMA frequently start 
to manifest within few minutes. These sympioms may 
include vomiting, diamhes, skin rash, breathing difficulty 
and anaphylaxis, which can be fatal (Walsh eta. 2016). The 
Feported cases of patients show the 5.90% skin 
manifestation, 60% gastrointestinal symptoms and 0.8-9% 
anaphylaxis (Connor ct al, 2022). Various diagnostic 
techniques are employed for identification but available 
agnostic methods have constraints that impede our 
capacity to understand the underlying epidemiology 
(Sicherer and Sampson 2018). The best technique ior 
identification is double blind placebo controlled oral food 
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‘Genetic wvlance Pelymoephisny) Allee Vaant Tatas AS Prevalence 
Tactase Not pesistnt (LNF}) TIC 13010, Thacive 70% 
Heterzygotes or 910 ‘Acs pat Vasile 
Lactose pesistnt T3910 10 tues more seivity than byplactasia Almost 3056 


challenge (DBPCFC). Apart from this unblinded oral food 
challenge (OFC) is less efficient and not always appropriate 
in clinical practices but well validated paricuaely among 
‘young infants (Bogh and Larsen 2021). The serum specific 
IgE measurement and skin prick tests (SPT) predict the 
response possibility but in isolation it's not suficient. The 
atopy patch testi also most often used forthe diagnosis of 
‘topic dermatitis that measures the milk allergen induced T 
cell activation. The Patients approximately 70% with IgE 
‘mediated CMA would react to whole milk products but 
patients can tolerate the treated products (alters in mil 
proteins) (Leonard 2015; Flom and Sichere 2019). There is 
curently no cure for CMA. Finding new therapeutic 
techniques ina clinical trial environment is_ dificult 
(Obstacles to the diagnosis and effective care of CMA in 
clinical practice include delayed diagnosis and inadequate 
‘understanding of the underlying pathophysiology (Gore and 
Custovie 2004). The only effective management strategy is 
to avoid cow’ milk throughout the course of the disease. 
(CMA patients often have allergies to varius foods. Because 
an infants immune system is not fully developed at birth, 
and the gastrointestinal tract is sil immature, the intestinal 
lining leakage may occur if large amounts of intact cow's 
mill are fe, Intervention techniques in CMA aim at ere 
levels: 1) primary prevention (breast feeding. partially 
hydrolyzed formulas, probiotics) of early sensitization: 2) 
secondary prevention (making cow milk less allergic) of 
triggering allergic reactions, ad 3) induction of tolerance in 
already sensitized patients (Pessler and Nejat 2004: Restani 
ct al 2002; Lund and Ahmad 2021). The use of immune 
‘modulatery food adjuvants such as probiotics isa promising 
‘new method for primary prevention, The only elfective 
therapeutic method for CMA sulferers isto eliminate dit 
‘milk proteins, [twill remain to be a focus of fundamental 
food allergy investization in the future years (Ross etal 
200: Pessler and Nejat 2004). The compesition of cow 
milk containing major proteins and. allergens has been 
calisted in Tahle 3, 

Cow milk allergy (CMA) represents first from of allergy 
that can induce severe and life treating reaction. There is 
reed of sale diagnostic techniques, best. therapeutic 
‘weatment and preventions. The various forms of adverse 
reaction to dary milk have been shown in Fig. 2. 


Benefits of Calcium and Dairy Products 


Calcium is the most plentiful mineral present in human 
body. Iris fundamental not only for bone health, but also 
contributes to heartbeat, muscle contractions and other 
‘metabolic activities Gaiswal 2001), Several nutrients are 


needed for development of bones in early years and their 
preservation to lessen the occurrence of osteoporosis and 
fracture in adult age (Rizzoli 2014). It has been deduced 
that protein and the minerals (Ca, P, Mg, Ma, Za, Vit-D 
and Vit-K) are vital for the maintenance of strong bones 
(European Commission regulation 2012). Milk and dairy 


products contain considerable amounts of all these 
hutrients except Vit-D (Thorning et al. 2016). These 
minerals affect bone physiology and structure. For 


‘example, protein and calcium kelp in mineralization of 
hone by forming collagen and hydroxyapatite crystals 
respectively (Heaney 2009), 

‘The current data propose thatthe consumption of mill and 
dairy preducts is linked to lower probability of obesity in 
children, and in adults, It is associated with better body 
composition and weight lose daring restricted energy 
provision. Additionally, milk and dairy products’ 
‘consumption also reduces risk of type-II Diabetes Mellitus 
tnd cardiovascular diseases, such as stroke (Thorning etal 
2016). The relationship among consumption of milk in 
infancy and boosted growth and mineralization of bones 
has been postulated extensively since 1920"s (Mann 1926). 
Consumption of dairy products enhance the release of 
types Insulin-like growth factor. that belps in developing 
skeletal muscles (Caroli et al. 2011), The lactose, casein 
phospho-peptides or Vit-D in dairy products help in 
‘enhanced calcium absorption from products and explain 
their positive effects on bones (Camara-Martos and 
‘Amaro-Lepez 2002) 

‘A high intake of calcium and Vit-D through daiy products 
‘ean lower the circulating Parathyroid Hormone (PTH), 
improve bone mass, and can lower bone turnover (Heaney 
200). When blood calcium level falls, PTH concentration 
increases, that causes bones to release calcium, that results 
in bone resorption and ultimately reduced Bone Mineral 
Density (BMD)(Renner etal. 1998). There are some likely 
ricchanisms through which duiry products ean have positive 
impacts considering composition and size of body. Firstly. 
interaction of Ca and VitD may affect lipogenesis and 
lipolysis of adipocytes and fat exidation(Shi et al. 2001 
Zemel 2002; Zemel 2003). Secondly, Ca may help in 
lowering absorption and enhancing excretion of fat 
(Christensen etal 2008), Thirdly, Ca may help in regulating 
hunger and intake of food-fat (Tordoff 2001). Fourth 
mechanism may be associated with the postive impacts of 
nutritious elements in dairy products like branched chai 
amino acids (BCAAs) (Zemel 2008) and medium-<hain 
triglycerides (Marten etal. 206; Kouveliti etal 2017). ln 
developed countries, the recommended amount of dairy 
products by children under the age of 9 y is ~ 00 ml and 
for adults is “600 dairyday (Dror and Allen 2014), 
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‘Table 3: Cow milk composons of major protsns and allergens charters (Resta t 2002: Ras et al. 2008: Bog and Larsen 2021) 


Prcin ‘Major Protein Composition ug/l Allergen Size Day Disulphide (5) bridge in nmogTabul's 
eleucin 1h Bo diay 360 
adewein 3 Bosd 10 (Majo 2520 
reascin 06 Bos d 11 (Major) 24 o 
etsein 36 Bos d 2 (Majo) 19 1 
elicilbunin 1.2 Bosdd(Mijo) 1420 
lacoploulin 3 BosdS (Majo) 1833 
Serum albunin 0 Bosd6 Miner) 66.318 


Immunoglobulins 06 
Lactferin 03 


Bos d7(Miner) 160, 


No, varios acording to clas and subclass 
‘a is 


+ Milk Pro 


Reactions 
| —sIimmune Disorders 


Lactose Intolerance 
+ Lack in Digestive Lactase 


Allergic Antibodies 
+ Mast ells and basophils 


ig. 2: Possible adverse reactions to ity mile 


Calcium in vascular smooth muscle cells regulates the blood 
pressure via vasoconstriction and varying vascular volume 
(Fardella and Rodrigucr-Poetaes 1995; Yim and Yoo 2008), 
Te has been reported by a systematic review of calcium 
supplementation and lipid metabolisen that supplementing 
calcium reduces the lov-densit lipid (LDL) cholesterol and 
increases high-density lipids (HDL) cholesterol by 
suppressing the caleitropic hormones that lower the 
intracellular calcium in ft cll, initiating lipogenesis and fat 
storage (Chen etal. 2017). Furthermore, calcium in dit can 
also reduce the serum cholesterol level by preventing the 
absorption of saturated fatty acids and cholesterol (Vinarova, 
tal, 2016), It has been found by randomized control tials 
(RCTS) that calcium dosage of 1200-2000 mg/day with 36- 
‘60) month treatment period ean lessen the risk of recurring 
colorectal cancer (Bonovas etal. 2016). Moreover, calcium 
binds with bile acids in the intestinal lumen and prevents the 
‘multiplicative and carcinogenic effects of bile acids Pardella 
and Rodiguer-Portales 1995; Newmark etal. 1984: 
(Cormick and Belizin 2019) 


Conclusion 


Lactose intolerance (LI) and cow milk allergy (CMA) are 
two different terms that oflen used interchangeably. We 
should promte the appropriate use of CMA and LI terms, 
‘The prevalence of CMA is low in adults and high in infants 


+ Poorly understood mechanisms 


Thi coll mediated 


(childhood disease). CMA is an immunological mediated 
reaction that affects the various body systems and can eause 
high mortality. LI is non-immunological reaction that's 
being igh in dark skinned population with limited 
symptoms of gastrointestinal tract. Ll and CMA incorporate 
more complex meaning than the past and their confusion 
leads to delay in diagnosis of CMA. Ll can be managed by 
reducing the intake of lctove quantity but CMA ean only be 
‘managed by avoiding the cow milk as strictly as possible. 
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INTRODUCTION 


The term "heavy metals" (HMs) refers toa cass of metallic 
clements with specific gravity larger than 4.0 and density 
‘greater than Sy/em3 (Rehman et al. 2021) and an atomic 
‘number greater than 20-(EL-Kady and Abdel 2018), 
Naturally, heavy metals are present everywhere but their 
cconcentration is diferent in many areas. Severe harmful 
celfects occur duc to the excessive use of heavy metals by 
living erganisms (Rehman etal, 2019). 

Heavy metal toxicity is a major concer fornutrtionl, 
ccelogical and evolutionary related reasons. ‘The risk of 
heavy metals fis been tremendously increased in the 
‘environment especially in agriculture setups because heavy 
metals remain in ground water and soil, which at certain 
levels leads to cause toxicity as heavy metas accumulate 
{Alengebawy etal. 2021: Balali-Mood eta. 2021). 

Due to their widespread presence in the earths crust, air, 
‘water, and food, heavy metal pollution poses a hazard to the 
evosystem on a global seale- From coal burning facilities, 
Smilters, and other industrial fciities, heavy metals emit 
airborne particles that penetrate the envionment (Ali etal 
2019), Numerous human and natural activities have led to 
‘an increase in the amount of heavy metal contamination in 
the ccosystem, Waste disposal, unintended spills. during 
processes, the application of agricultural pesticides and 
elated chemicals, the transfer of contaminants into 
Productive land through the inhalation of fumes, the 
‘movement of sel. the inhalation of dust. or the dispersion of 
sewage mire ae just a few examples of these activities. The 
fcavironment is contaminated by all of these sources 
(Alengebawyet al. 2021). The major source of pollution of 
hheavy metals (HM) in vegetables isthe presence of heavy 
metal such as lead, nickel, cadmium, zinc, and mercury in 
pesticides (Zhong et al. 3018). Most of the meals eg. 


‘copper, manganese, selenium and molybdenum have 
beneficial effects on human heal (Al tal. 2019). 

On the basis ofthe importance of heavy metas in Biological 
systems, they are classified into two categories such as 
‘sential and non-essential Essential heavy metals are those 
‘which play an amporint role in biological metabolism 
Processes while noSn-essential heavy metals don’t have 
Fological functions in living things and are non-essential to 
metabolic processes (Edelstein and Ben-Hur 2018: Rai etal 
2019). The toxicity of essential heavy metals depends on the 
‘oncentration of exposure (Aliasgharpour2020) and includes 
the most important elements which are manganese, iron. 
zine (Za), nickel, chromium (Cr) and copper. Non-essential 
heavy metals include lead (Fe), cadmium (Cd), mercury 
(Hg), aluminum (Al) and arsenic (As) whieh even at low 
‘concentrations cause toxicity (Saleh and Koller 2018). 

Foeel produced cm tainted soil or irigated with dirty water 
increase metal content and i a significant source of exposure 
to heavy metals in both animals and humans (Rai 2018) 
Application of sewage mud and sewage water to the sol 
tver time gradually rise its harmful content of heavy mitals, 
which are then “increasingly absorbed by plants. and 
vegetables and move up the food chain endangering the 
health of both animals and humans (Alengehavy etal. 2021) 
Heavy metals present a serious risk in feed and dict and 
prolonged exposure might have toxicological repercussions 
for plants, animals and people due to excessive exposure of, 
metals including cadmium, lead, arsenic, chromium, and 
mercury (Ali etal 2019) Both dect and indirect effects on 
hhuman health are caused by these metals. The grazing 
animals deposit heavy metals on pasture grasses or forages 
because otheavy metal contamination in rural areas caused 
hy the dumping of indusrial effluents and sewage sludge 
(Patel etal. 2019), 


Sources of Environmental Contamination 


Anthropogenic processes and natural sources contribute 10 
the contamination of the environment due to heavy’ metals 
‘The heavy metals are emitted naturallyby volcanism, wind 
crosion, wild fires, and biogenic sources. They are also 
found "in nature’ as oxides, sulpises, _ phosphates, 
hydroxides. sulphidesind organic compounds (Masindiand 
Muedi 2018). 

In agriculture industries, manufacturing of diferent 
‘chemicals ike insecticides and pesticides are responsible for 
the release of arsenic and combustion of fossil fuels release 
nickel and mercury. Anthrogenie processes are also 
involved to release heavy metals into the environment 
through metallurgical processes, residuals of organic matter. 
and transportation. (Zaynab et al. 2022) 
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Health Impact of Heavy Metals 
Cadmium Toxicity 


‘The most prevalentelement that occurs naturally is 
cadmium, which was identified in the carly nineteen 
centuries (Gende and Schmeling 2022). Bivalent, bluish 
‘white, soft, malleable, and ductile cadmium is highly 
Inuzardous to humains and other living things, I comes Irom 
the cadmium ore greenockite, where it may he found in 
nature in the form of a mineral (Vaid et al. 202), 
‘Compounds containing cadmium are exceedingly harmful 
‘humans, animals. and plants The presence of cadmium is 
‘widespread in the air, soil, water. plants, and ultimately in 
‘animal tssues (Dad et all 2021). The smelters are main 
sources where pollution of Cd occurs but burning fossil 
fuels like coal and buring municipal garbage like plastic 
and nickel-cadmium — batlries age 0 additional 
possibilities (Balali-Mood etal 2021), 

Additionally, rain can drop eadmium en the ground, and 
changing the acidity of the water can make it more soluble 
in cadmium (Yaciuk etal. 2022). Itcan easily ow by water 
movement in the top layers of soil, fram where it is 
aorbed by plants and collected in leafy vegetables, root 
crops, cereals and grains as a result of which it enters the 
food chain. In the human body, cadmium has been identified 
to perform nota single physiological task, Bocause of this, 
focus has been drawn to its potential for biohazards, As 
soon a cadmium is absorbed. it builds up in the body for 
the rest of one's life Intoxication with cadmium can damage 
the kidneys, bones and lungs (AL-Lami et al. 2020). The 
lier, lung. testicles, and hematological system of animals 
fare among the organs that cadmium poisoning is known to 
impact (Aliasgharpour2020), 

High amounts of cadmium are known tp isvtale the 
stomach, which eventually leads to vomiting. pain in the 
fahdomen and diarrhea, Abdominal and muscle cramps 
headaches, fatigue, and shock are ameng the symptoms of 
cule cadmium consumption that often develop within 30 
minutes (Al-Lami et al. 2020), The kidneys, liver and 
circulatory system are particularly affected, but reproductive 
tissues and growing embryos have seen the worst side 
clfects (Mizoguchi etal. 2022), 


Chromium Toxicity 


Vaguelin made the discovery of chromium in 1798 and it is 
the 21" most common mineral on earth which is present in 
chromite ore, containing ion and oxygen. The threevalance 
states of chromium are chromium (0), chromiumdIM}) and 
chromium (VI) (Majhiet a. 2021), Because chromium (VI) 
isthe most poisonoas and carcinogenic of all the metals and 
thas negative effects on the health of people, animals and 
plants (Mushiag et al. 2021). Industial wastes and other 
sources such as plating. painting, cooling tower fluids and 


‘One Health Triad 


chromate manufacturing are found to have contaminated 
‘ground water in the United States (Yoshinagact al. 2018) 
Due to the high volume of disposed residual tanning floats, 
‘chromium may be viewed as a source of pollution (Younas 
etal 2022), 

‘The metallurgical, chemical and refractory sectors are the 
the largest industries inthe world which employ 
chromium. It is used to make different metal alloys and 
stainless stel and additionally iti uilizd in the creation of 
joint prosthesis. Adltionally its utilized inthe purification 
‘of water, drilling mud, safety matches, copier toner, 
‘errosion inhibitors and photographic chemicals, magnetic 
tapes and dling (Laurent etal. 2017). Cr (VE) is 1000 
times more hazardous and 100 times more mutagenic than 
trivalent chromium (Mushtag etal 2022), 

Water contamination through water leaching and industrial 
release is more critical than inhalation of chromium 
‘compounds via air emission spread by cigarete smoke, 
automobile emissions and others (Pavesi and Moreira 
2020). Chromium plays an important role in boosting up of 
insulin foe normal glucose metabolism and lipid 
metabolism and also helps in lowering triglycerides and 
cholesterol (Prasad 2016). 

‘Chromium toxicity manifests similarly to other heavy meta 
toxicity in terms of signs and sjmptoms. Depression, 
cliarhea (dysentery), dyspnea, paralysis, inappetance, and 
‘mortality within a short period of time are some of these 
symptoms. The lungs, kidneys, and liver experience 
pathological alterations as a result of Cr_ poisoning. 
‘Chromium exposure severely damages the lungs leading to 
‘mucosal erosion and inflammatory “changes in the 
Fespirstory tract Bronchial spasms of even an allergic 
reaction may eceur as result of chromium poisoning. 
Hexavalent chromium has also been linked to renal failure, 
cute renal tubular necresis, and lung cancer (Deng et al 
2019), 

Chromium exposure causes cellular toxicity by generating 
ROS and cause damage of DNA through activation of high 
levels of oxidative stress andepigenctic gene expression 


(DesMarias and Costa 2019). "The toxicity and 
ceareinogenicity of Cr depends on time, route and 
concentration of exposure (Aliasgharpour 2020; Balali- 


Mood etal 2021), 


Nickel toxicity 


Nickel occurs naturally in the environment but, in very 
small amounts. Australia, Canada, Cuba, Indonesia, New 
Ciledonia and Russia are the main countries where nickel 
ores are found in deposits (Vahed et al. 2021). I nickel is 
volatile itis extremely poisonous because itis lipid soluble 
tnd can pass through cell membrane. Humans have been 
tiscovered to be particularly poisonous to nickel carbonyl 
(Gule etal. 2020). tis used to create steels that are heat and 
corrosion resistant. Acute toxicity and immunological 
problems may result from its usage in the manuficture of 
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nickel saltsthe fabrication of NI-CD batteries, the 
development of moulds for the hollow glass industry, the 
Production of coins, jewelry and medical and dental 
implants (Al-Lami etal. 2020: Salimi et al. 2020), Animals 
and plants ean become poisonous to nickel if they consume 
polluted water. Acid rain is by far the main cause of water 
pollution, Acid rain has the propensity to release nickel 
from the soil and raise the concentration of nickel in 
‘groundwater (Begum etal, 2022), Nickel contamination in 
‘water can have negative neurological consequences as well 
a gastrointestinal problems such as nausea, vomiting, and 
slarrbea (Piha eta 2021) 

Nickel allergy’—an allergic dermatiis—can be brought 
‘on by occupational contact. Due to wearing nickel-plated 
jewellery, skin rash or allergic dermatitis may develop in 
‘euies of dermal contact. Women are more susceptible to 
the effects of nickel than men, particularly when pregnant 
‘women who work in the metallurgical industry have 
hhabies with structural defects (Aliaspharpour2020; 
Retuman etal. 2021), 

‘At the cellular level, it can result in DNA strand breaks, 
crostlinking of DNA protection, DNA oxidation, 
‘nucleotide removal, gene mutations, changes of chromatids, 
binding to enzymes involved in DNA repair and protein 
degradation, formation of ROS, enhancement of lipid 
peroxidation, altering calcium, and sulfhydryl balance, and 
‘slutathione degradation (Das eal. 2019). 


Lead toxicity 


Lead isa bluish grey metal that occurs naturally and is found 
in the earth's crust in small amounts (Khatun etal. 2022) I 
is found in rocks, sol, plants and animals. Iisa ubiguitous 
clement, which occurs at a prety low level (Rahman and 
Singh 2019), Lead has been used in industry, household 
products, cigaretes, ceramic glazes, paint, smelters, 
Ielevisions, pesticides, computer monitors. batteries, 
explosives pipes and toys for centuries (Sanz et al. 2022) 
Because it can result in significant environmental 
‘contamination and health isues, lead isthe most significant 
toxic heavy metal in the environment (Aliasgharpour2020), 
Industrial processes like burning fossil fuels, mining, 
smelting, manufacturing, and recycling ae the main causes 
‘of environmental contamination. (Marzilli 2019), 

The chemical or heavy metal pollution which has caused 
toxic, mutagenic, or carcinogenic effects on human health 
fas risen “due tothe combination of new chemical 
substances (Alengebawy et al. 2021). The noxiousness of 
lead was recognized in 200 B.C. The fact that lead causes 
anemia and colic in human beings was discovered in 250 
B.C (Pereira et al. 2020) 

The materials used in lead pipes, tin soldiers, and bras 
fixtures are the primary source of lead in drinking water 
(Chang etal. 2022). One of the sources of lead in the ai, 
‘water and soil that ultimately enters the food chain is found 
in phosphate rocks (Kumar etal. 2019) 


Lead produces lung disorders, anemia, liver damage, renal 
impairment and also affects nervous system by exposure 10 
high concentration in adults and children (Singh et al. 2018) 
General symptoms of lead poisoning in children due 10 
increase in lead levels in blood include abdominal pain, 
irritability, lethargy. anorexia, pallor body, ataxia’ and 
slurred speech (Rees and Fuller 2020). Encephalopathy 
snd gastroenteritis are frequently seen in dary catle as & 
result of the animals grazing on contaminated forages 
‘caused by the application of sewage sludge tothe pastures 
(Gupta et al. 2021), 

High amounts of this heavy metal in the blood during 
pregnancy have boen proven to allow itt breach the placental 
hurir, which can result in fetal abnormalities like low 1Q 
‘encephalopathy, neurological diseases, and disruptions in 
‘lium levels in nerve cells, Lead exposure during pregnancy 
‘can cause miscarriage, early birth, low birth weight and 
stillbirth (Alisgharpour 2020: Rehmanet al 2021), 

Aer ingestion, 99% ofthe lea is bound to hemoglobin and 
Circuates through the circulatory system to soft tissues, 
hones. liver. kidneys, and hair. whichis retained primarily 
in teeth and bones (where itis absorbed into the mineral in 
place of calcium). Puricularly when a woman is pregnant. 
the bloodstream can be reinloduced with accumulated lead 
which exposes the foetus (Cieseket al. 2021). 


Arsenic toxicity 


Arsenic is among the most toxic metals found in the 
‘enviroament and is found in metallic, metalloid, inorganic, 
tnd organic form. Arsenic exist in three valence states: As 
(0), (lll) and (VD. In general, the inorganic form of as is 
‘more toxie than organic form (Thakur etal 2021; Genchi et 
al, 2022, 

It's omnipresent metal found in air, land, ovean, lakes, and 
water (Rahamanet al. 2021), Arsine gas is a very poisonous 
Substance. Mining, metallurgical and microelectronics 
scctors all produce arsine gas. Ground water contamination, 
which isa severe issue is also discovered to contain arsenic 
‘This is particularly true inthe third world nations (Ali et al 
2019), Mare than 100 million people worldwide are at esk 
‘of morality from arsenic poisoning from the food and 
drinking supplies (Nurebiet al. 2020). 

‘Cancers of the kidney, liver. lungs, and bladder are brought 
‘on by prolanged exposure to arsenic (Aliasgharpour2020: 
Rehman et al. 2021). Abrupt arsenic exposure can result in a 
variety of symptoms, including tachycardia, acute 
‘encephalopathy, congestive heart fulure, stupor, 
convulsions, paralysis, coma, and even death. Arsenic 
‘exposure causes peripheral neuropuihy, cardiovasculae 
tliscomfor. peripheral vascular disease, kidney and liver 
‘damage. hypertension, myocardial infarction, and leukopenia 
(akhur eta. 2022) Arsenie's long-term side effects include 
skin deformities, neurotoxicity effects, severe pulmonary 
illnesses. insanity. cognitive impairment, loss of hearing. and 
‘coronary heart disease (Singh etal. 2022) 
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Metals Detiieny bal eects “Tox hein ees Reterencee 
eon Fe) Anes Candis asic Engst al 2019 
Mental retardation ‘Metaboic disorders 
Brain damuge Hepatic 
[Newrolepeneratve disorders 
Cancer 
Selenium (Se) Kashindisease Shin eas Vincsti et wl 2018 
Lae of hi 
‘Neutologic disorders 
Fatigue 
Abin pain 
Todine Neauopenia Hypethyroids Nizikl etal, 2001 
Oxtoparcs Gorter 
Inpaired mental confusion Hyperthyroidism 
Hypothyroid 
Copper (Cu) Neurologists Brain damage Ranan and Singh 2019 
Neatopenia Necrosis 
Osteporess iver celeron 
Hypopigmenation Death 
Zine 20) ‘Abominal disturbance ‘Nausea, vomiting and daha Chasis tal. 2020 
Behuioral changes Lethargy 
‘Growth etaniaien Fever 
Lnunolopicl deficiencies Avera 


‘At the cellular level, arsenic compounds have the capacity 
to bind specific structures or substitute specific substances. 
They can also inhibit the mitochondrial enzymes involved in 
cellular respiration, It inactivate particular enzymes like 
thiolaseand  dihydrolipoyl dehydrogenase and disrupt 
‘oxidative phosphorylation (Bahrami et al 2020), 


Mercury toxicity 


Mercury is a metallic, shiny, odorless sliver white fuid, 
‘which upon heating converts into dull and colorless gas 
Mercury’ is both extranedinarily deadly and bio- 
accumulative (Kumar and Kumar 2019). Mercury enters the 
Climate through a typical breakdown of minerals presen in 
rocks, which are moved to the soil via air and water. The 
centralization of mercury in the climate is expanding step by 
sep, and this is exposed to human action. The majerty of 
the mercury is delivered into the air through fossil fuel 
‘combustion, mining, refining, and strong waste burning 
{(Charvat etal. 2020), 

Mercury in all chemical forms has capability to cross the 
placental and blood-brain barriers, and also secreted in mil 
(Pajewska-Szmytet al. 2019). Exposure of mercury causes 
the toxicity associated with fever. insomnia, tremors, weight 
loss, and excessive perspiration (Bharti and Sharma 2021). 
The reproductive system's ability 1 cause infertility in both 
‘mea and women was proved by the research. The 
spermatogenesis of males is impacted. while progesterone 
dd estrogen levels i females maybe disturbed, resulting in 
‘ovaries that don't function normally irregular menstruation, 
anda uerus that slopes (BalaliMood et al. 2021), 

Mercury genotoxicity was linked to DNA damage, 
‘conformational changes in DNA repaired proteins, genetic 


‘mutations, mitotic spindle, chromosomal segregation, and 
fleets on nucleic acide’ (Gashi 2018), Moreover, for 
informative survey analysis, seafood is a core source of 
mercury contamination. Food products prepared from 
fishmeal for livestock and eventually for humans have great 
‘chances of septic conditions ad ultimately cause toxicity 
(Gonzilez Mentafa etal 2019), 


Other essential metals 


‘The majerty of necessary metals function as enzyme 
catalysts and can be hazardous in excessive concentrations, 
Metals frequently combine with organic substances 
including amino acids, proteins, and peptides in tissues and 
bodily fuids to produce complexes 

‘Table 1 shows the list of five key metals which show 
serious effects on the human health 


Conclusion 


Heavy metal toxicity and its effects on the ecosystem are a 
lobal problem duc to their transportation through the at 
soil and water, The potential of ingesting heavy metals 
through food, ar, and drinking water depends on a number 
‘of yariahles, including concentration snd numerous primary 
sources, Humans need these metals in trace amounts for 
normal cellular, metabolic, and hormonal function; 
nevertheless, if the limit is exceeded, it can have serious 
negative health impacts. The toxicity of these metals has a 
Significant negative impact on the soil by destroying 
microorganisms that are essential to improve soil feility 
tnd nutrition. Much emphasis has ben pad to their removal 
feom aquatic and soil environments 
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INTRODUCTION 


Malnutrition is characterized as the insuficient or exclusive 
‘consumption of & dietary nutrient by children in particular. 
‘Adolescence “undernutrition (wasting, hindering, and 
‘underweight), micronutient deficiencies, aswell as 
‘overweight and stoutness, constitute a triple weight of ines, 
‘specially for loe-and middle-income counties, anditisone 
fof the main causes of chronic insecurity and significant 
barrier to self-awareness and the achievement of fll human 
potential globally (Kalu and Etim 2018). The malnutrition of 
children (under-nutrition) and the prevalence of non- 
‘communicable diseases (NCDs) in adults are major public 
‘ncalth issues inthe world today. Despite convincing evidence 
‘connecting prenatal malnutrition with NCD, litle is known 
about long-term health outcomes (Grey et al. 2021), From 
0-1 million children under the age of ive, over 50% dics 
cach year from preventable causes as a result of malnutrition, 
‘which is a significant public health issue i the developing 
‘world (Collins etal, 2046), Children’ deaths are primarily 
caused by malnutrition worldwide. Community-based 
interventions foe malnutrition equire the use of universally 
validated screening tools and. the implementation of 
appropriate interventions depending on the severity of 
‘malnuttition (Khan et al. 2016), Malnutrition is more 
‘prevalent in rural areas in India because of inadequate diets 
recurrent infections, lack of proper care. and unequal 
lstrbution of food within dhe family chil’ rapid growth 
fand development require optimal nuivtion during his or her 
infancy and early childhood. Deficiencies in nutrients lead 10 


lower immune defenses against diseases and recurrent 
infections result in nuttient deficiencies. This adversely 
affects the mental and physical development of children as 
well as their leaming capacity in the future (De and 
‘Chatiopadhyay 2019), 


Epidemiology of Childhood Malnutrition 


‘Of ll he developing nations, Pakistan has one ofthe highest 
rates of child) malnutrition. Around 165 million children 
lund the age of five are malnourished worldwide. At least 
half of all child fatalities are caused by malnutrition. 
Developing and underdeveloped nations are typically the 
‘only places where this issue is prevalent causing high 
‘morbidity and mortality in children's. The cause of about half 
fall child deaths worldwide is undernutrition, According to 
the National Nutrition Survey, SO% of children were anemic 
33% of children were underweight, approximately 4% were 
Stunted and 15% were wasted (iron deficiency). Comparing 
Pakistan to other emerging nations, there has been a slight 
decline in the prevalence of child malnutrition daring the past, 
two decades (Asim and Nawaz 2018). Children who are 
tmlnouished suffer from host of factors including powerty 
poor sanitation, crowding, infectious diseases, depression. 
tnd abuse (Awoyemi etal 2012). Many nations in the era of 
the Millennium Development Goals succeeded in reducing 
the rate of childhood under nourish, but there was uneven 
improvement. The majority of Asian countries saw dramatic 
reductions, but progress in Africa was less encouraging, and 
the overall umber of stunted children increased asa reslt of 
population expansion, Globally this improvement hit a yall 
about 2014 and is curently regressing. as noted inthe latest 
study by the Slate of Food Security and Nutrition in the 
World 2019, Around $1 milli childeen under the age of 5 
were wasted (too light fr their height) and 151 maillon were 
Sunted in the world in 2017, with poor nutrition being the 
Primary proximal cause. However, it was stated that 38 
nll people were fat (Mwangome and Prentice 2019), 


Prevalence 


Globally and particularly in Nigeria malnutrition is measured 
by three anthropometric factors for stunting, wasting, and 
underweight and it isa serious health issue for newberns, 
toddlers, and preschool-aged children. Nigeria is one of the 
top 10 nations for children under five tht are malnourished. 
‘The frequency of stunting, wasting, underweight, and obesity 
in children is 374, 7%, 294, and 2%, respectively. in Nigeria 
(Folayan etal. 2020). 


‘Citation: Zaheer A Quiratul-Ain, Attar 6, Shan A and Naseer D, 2023, Vainattion a Children of Growing Age and the 
‘Associated Health Concerns. one heath perspective In: Abbas RZ, Saced NM, Younus M, Aguiar-Marcelino L and Khan A 


(eds), One Health Triad, Unique 
expo orgl04727@/bookcob/2073 55 


Scientific Publishers, 


Fraislabad, Pakistan, Vol. 2 pp: 1S3-6I 


‘The numberof stunted and wasted chldeen in the world is 
around 155 million, indicating a high incidence of 
‘malnutrition. According 10 estimates, under-nutition 
Accounts for 45% of ll fatalities in children under the age of 
Five around the world. The Iequency of underweight children 
‘worldwide was reported to have decreased from 25% in 1990, 
to 15% im 2015 around the end of the maillennium 
development goals (MDGs) era, Because 90% of the 
‘underweight infants were discovered in Arica notably inthe 
‘Sub-Saharan region this drop was regretfully not uniformly 
distributed. Between 1990" and 2013, the proportion of 
Stunted children in Sub-Saharan Africa aetually grew to over 
‘one-third (Adebisi et al. 2019), The Democratic Republic of 
the Congo (DRC) is one of five nations in the weeld with a 
high morality rate for children under five (India, China 
Nigeria and Pakistan) and malnutrition is one of the main 
‘causes of death in these nations, along with other illness like 
lara, pneumonia. and malaria, which are meee prevalent 
in young children (Mukuku etal. 2019), 


‘Types of Malnutrition 
According to World Health Organization (WHO), 
‘malnutrition divided into thtee groups including: 


‘micronutrient related malnutrition, over-nutition and under 
‘nutrition (Khaliq et al. 2022), Under-weight, stunting and 
‘wasting are three types of undernutrition. Obesity is mainly 
related 10 the aver-nutition, Micronutrient are further 
classified ‘as micronutrient related malnutrition (MRM) 
deficiency and MRM overload (Khali et al. 2021: Khalig et 
al 2022), 


A> Under-nutrition 


Under-ntrition has intense effect on growth, development 
and survival of children. Globally 200 millon children under 
five face stunting and wasting (Keeley etal. 2019). Under- 
rutrtion is defined “asthe weakening, stunting, oF 
‘micronutrient deficiencies (suchas anemia, zinc, and vitamin 
A), Stunting and wasting both point to distinct nutritional 
deficit issues, Wasting low weight for height isa kind of 
cule malautition characterized hy inadequate dictary intake 
to satisy protein and energy requirements. Infectious disease 
‘makes wastage more prevalent in underdeveloped nations 
‘with long-term or short-term fod insecurity (Abdallah 201), 
Stunting, wasting, and underweight were all prevalent at 
‘varying degrees (104%, 53%, and 18.4%) (Boah etal. 2019), 


Under-weight 


Underweight is described as population of children whose 
‘weight is less as per their age (Asim and Nawaz 2018), 
Particularly in underdeveloped nations, underweight is a 
substantial risk factor for infection in eildren and teens, 
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pethaps die to hunger and less hygiene standards. Not only 
Underdeveloped but also in Wester nations underweight 
children are more susceptible to illness. Underweight 
children were more likely 1 be admitted to emergency rooms 
im the USA thin normal-weight, overweight, or obese 
children, according to an observational chart assessment of 
the data, 


Stunting 


Stunting is described as population of children who are too 
short for their height (Keeley et al 2019). Stunting ia 
childhood increased the risk of infectious diseases, poor 
‘cognitive development, morality rate, poor productivity and 
fhon- communicable diseases in adulthood (Kang and Kim 
2019). 149 million children are globally stunted and 1 in 3 
‘children is stunted in Asia and Sub-Saharan Africa, The eause 
fof stunting start from the nutritional satus of mother 
“Mothers who are stunted in childhood are at high chance 10 
having stunted child (Keeley et al. 2019), 


ti. Wasting 


Wasting is defined as x child who is too thin foe his or her 
height (Kesley et al. 2019), Wasting is dic to improper 
lity intake and disease. Wasted children have increased 
Fisk of death therefore they require urgent nutritional ot 
rdical help, Wasting in growing age cause delayed physical 
development and weakened immunity (Donkor etal 2022) 
‘Globally 4.5 milli children are wasted and in South Asia 
{in T children under five is wasted (Keeley etal. 2019), 


Over-nutrition 


‘Over-nutrtion leads to overweight and obesity in children 
that aflect both early and later life of children (Keeley et al 
2019), Obesity isa global challenge, and the prevalence of 
dbesity and over-weight is increasing in low and middle 
income countries as compared to high income ceuntriex 
(Adeoni etl. 2022). Globally 401 millon children are over- 
Weight, and in Eastern Europe and Central Asia 1 in 7 
childrea under five is over-weight (Keeley etal. 2019). In 
fver-weight children, the healh outcomes are inferior thea 
full. I increase the risk of non-communicable diveasex 
such as insulin resistance and heart diseases in early life, and 
441 percent of cancer chances increased in obese children 
(Pant and Vaidya 2018), 


- Micronutrient Related Malnutrition 


Humans who are deficient in vital vitamins and minerals, 
wnmonly referred as micronutrients, are said 10 have 
idden hunger.” Nearly one-third of the world’s popaation, 
‘or ovo billion people, suffer Irom micronutrient deficiencies 
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(Harding et al. 2018). When extended, insuficient dietary 
intake of macronutrients (at, protein, and carbs) and 
‘micronutrients (vitamins and minerals) can have negative 
‘consequences on health outcomes and possibly stat a cycle 
‘of poor health (Eguersdorfer etal. 2018). Globally. hidden 
Ihunger affects a sizable population and has « variety of 
‘negative consequences, such as poor health, stunted growth, 
Jow productivity, mental impairment, and untimely death 
(Ekholuenetale ct al. 2020). lodine deficiency (UD), the 
‘world’s leading contributor to children's preventable brain 
damage and mental reardation, needs top priority among 
‘micronutrient deficiencies (Asfaw and Belachew 2020), 


Causes of Malnutrition 


‘There is multiple causes of malnutrition in growing age 
including: diseases, nutritional staus, inadequate dietary 
intake, inadequate chill care, houschold food insecurity and 
insufficient health services. These all causes belong to the 
potential sources like economic and organization sources 
(Mkhize and Sibanda 2020), 


Factors Related to Malnutrition in Growing Age 


Malnutrition is a major problem of under-developed and 
developing countries, Inadequate dict cause malnutrition in 
‘growing age like undemutrition, fatigue, ‘multivitamins 
deficiency and feeling of weakness that all impact on child 
‘growth (Shahid et al. 2021). There are many factors 
‘responsible for malnutrition and dhe base factors ae 


Ie Inadequate Diet 


The issie of inadequate diet usually occurs in growing 
children (Achakrai and Khan 2016; Shabid et al. 2021), 
Maternal factor like BML of mother is also risk factor for 
cbild mulnutrition (Khan etal, 2019). Inadequate feeding 
Inabits are a major cause ofthe emergence of malnustion in 
‘young infants (Eshete tal. 2018). The increased nutritional 
‘equirements of pregnancy and ftal growth place women of 
repreductive age who live in under resourced environments 
in low- and middle-income nations at an especialy high risk 
fof receiving insufficient nutrients, especially of important 
‘mieronutrients (Lander etal. 2019) 


li. Food Insecurity 


Food insecurity i also a principal factor of child malnutrition 
in South Africa. Food insecurity effect the child nutrition 
Fhecause of the consumption of less or improper dict 
‘Consumption of unhealthy and less dict also have adverse 
cffect on child nutrition (Nila et al. 2017; Mkhize and 
Sibanda 2020), 


Til. Low Household Income 


Low household income effects the nutritional status of 
children which lead to malnutrition, According to national 
survey in south Aftica, there are estimated 2.5 billion 
hildfen, under age of five year are belong to poor families or 
low income houschold (Mize and Sibanda 2020). Having 
lot income possess some families to live im the house with 
poor substructure and unhygienie conditions whic lead 
tllferent infections that elfect people especially children 
(Guevara-Romero etal. 2021). 


iv. Family Size 


‘The inerease number of family size effect the income and 
‘education of children and the lack of sanitary condition like 
Adinking water and sewerage affect theheath, Health problems 
are directly proportional tothe malnutsitioa of children at 
[growing age which causes retarded growth, negative effet 
‘on body size and growth and also elfect the mental fealth 
(Cedesio etal. 2023: Caleto-Garavito etal 2019), 


v- Environmental Factor 


Unimproved water, poor sanitation, and biomass fuel are the 
second most significant worldwide atvibutable burdens as 
‘eases of child stunting. A study of 137 developing nations 
found that unimproved sanitation was responsible for an 
estimated 72 million instances of stunting (Amare etal. 2019) 


vvi- Educational Status 


Parental education is a significant predictor of children's 
nutritional status. The higher parental educational status is 
‘connected with better child parenting and wellness. Children 
wth tertiary-educated parents are more likely to have a 
nutritious diet, regardless of economic level, due to their 
{greater level of understanding on fundamental chill nutrition, 
Parents with higher educational altainment may encourage 
values that are harmful to their children’s health (Kalu and 
iim 2018) 


How Maternal Malnutrition Affect Children 


“The mother isa kid or infant's primary caregiver. An infant's 
health and wellbeing are somewhat reliant on the mothers 
health and wellbeing (Amaba and Woldeamanuel 2021). I 
has been demonstrated that infant and mother health are 
related to a child's bith weight, which indicates that these 
factors may determine maternal and infant mortality before, 
during and afer bith (Mishu etal. 2020: Ipadeala etal 
2013), Malnutrition, which includes low ith weight, 
underweight. wasting, stunting, and slack of micronutrients 
alfects millions of children and women worldwide (Roy 
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2018), More than 20% of women afe undernourished in 
‘rious South Asian and sub-Saharan African nations (BML 
18.5). More than 10% of women are under 145 em in height 
in various South-Central Asian nations. However, anemia 
affects 30% of reproductiveage women globully 
(Ravaoarisoa et al, 2018). Women who are pregnant ot 
teastceding are at danger and the newborn babies wil be 
‘mere susceptible to diseases in Inter life. In infancy and 
‘adulthood, behavioural and cognitive impairment caused by 
‘mater and newhorn malnutrition has been linked 10 
increased susceptibility to neuropsychiatric illnesses (Sinha et 
al 2018), Theetfects of infectious diseases on maternal, fetus, 
‘neonatal, and child health are more significant and maternal 
‘malnutrition aggravate this effect (Blakstad and Smits 2020), 


Diagnosis of Malnutrition in Children, 


The human body may be measured quantitatively without any 
physical contact, The Centers for Disease Control. and 
Prevention (CDC) claim that anthropometry isa useful teat 
for determining both children's and adults’ nutritional health 
(Casadei and Kiel 2019), An individual's nutritional stats is 
‘now considered to be highly affected hy anthropometric 
‘measures. Adverse changes in the body composition result 
from malnutrition, ether under-natition or over-nutiion. 
Malnutrition ean lead to increased morbidity or death ifthe 
body's energy reserves are severely depleted. Changes inthe 
status of nutition may be easily assessed using the simple 
and efficient approach of anthropometry. Additicnally, it 
‘offers a way to assess if nutritional treatment is being uilized 
appropriately (Suriah et al. 1998). The fundamental 
measurements of anthropometry include height, weight, head 
circumference, hody mass index (BMI), waist, hip, and thigh 
‘ircumferences to measure adiposity, and skinfold thickness 
{Casadei and Kiel 2019), 


Body Mass Index (BMI) 


WHO claims that BML is a basic measure of weight in 
‘elation to height that is often used to diagnose humans as 
being underweight, overweight, or obese. Its formula is 
Jky/m® or weight in kilograms divided by height in meters 
sured (Naeem etal 2021), 


‘Associated Health Risks in Malnutzition 


Malnutrition at any stage of childhood afects schooling and 
thus a child's lifetime caring potenti. It impacts 
educational outcomes, including reduced leaming capacity 
(either as a result of early cognitive deficits or reduced 
attention span) and reduced overall years of schooling. A. 
‘wile burden of disease is caused by all types of childhood 
‘malouttition, including under-nutition (wasting, stunting, 
and underweight). micronutrient deficiencies, as well as 
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fverweight and obesity. Childhood malnutrition may have 
long-term, iseversible impacts, such as stunted. physical 
‘growth and delayed cognitive development, Aaditicnaly 
imadequate nutrtioa might impair sensory-motor 
development, reproductive health, and. childrens 
susceptibility to infections and hereditary illnesses lke 
diabetes. In addition, undee-nutrtion inreases health care 
expenses, lowers adult productivity, and stuns economic 
growth, which can lead toa protracted cycle of illness and 
poverty. Most cases of childhood under-nutrition occur in 
Tow and middle-income countries, primarily as a result of 
poverty, whichis linked to poor feeding practices. unsanitary 
living circumstances, and 1 lack of access to health care 
(Vassilakou 2021). The summarized health risk of 
‘malnutrition in growing children is enlisted Table 


Protein Energy Malnutrition (PEM) 


Protcn-energy malnutrition (PEM) is a common childhood 
disorder and it is commonly caused by deficiency of 
Iicronutrients protein and energy. PEM manifests as 
underweight (low body weight compared with healthy 
children), stunting (poor body growth), wasting acute weight 
Joss) or edematous malnutrition (kwashiorkor) (Ahmed etal 
2020), PEM has been named by the WHO as one ofthe main 
issues affecting children worldwide. Additionally ithas been 
dlscovered overtime that PEM in children, particularly atthe 
most critical stage of their development. is a problem in 
‘developing nations like India. Additionally this isa problem 
that primarily affects eural populations and the poor and is 
brought on by problems with poverty, poor environmental 
sanitation, poor dietary practices, low socioeconomic status, 
‘maternal education, requent infection, inadequate household 
food security, high rice consumption, ffequent acute illness, 
and low birth weight of children (Satapaby etal 2021), 


Primary Acute Malnutrition 


Primary acute malnutsition fees children and is particularly 
prevalent in low- and middle-income countries. It results 
from insufficient food availablity brought on by 
socioeconomic, politica and environmental causes. The 
Ccmntributing causes of primary acute malnutrition include 
houschold food insecurity. poverty, inadequate prenatal 
nutrition, intrauterine growih restriction, low birth weight, 
inadequate breasticeding, tequent infectious diseases, poor 
water quality and poor hygiene (Dipasquale eta 2020) 


Secondary Acute Malnutrition (SAM) 


‘According to the United Nations Children’s Fund, World 
Health Organization, and World Bank’ Group.2017, 
approximately 17 million children are suffering from severe 
acute malnutrition (SAM) worldwide, whichis indicated by 
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‘ble 1: Health ks of malntrton in growing children 
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2 mid-upper arm circumference (MUAC) less than 115 mm. 
for a weight-forsheight z-score (WHZ) less than 3 SD 
{Stobaugh etal. 2019). A set of recommendations for weating 
severe malnutrition in children were released by the World 
Health Organization (WHO) in 1999. Meralty dropped from 
30% to 5% in nutritional centers ll ever the world after the 
pplication of this approach. Aa urgent issue around the 
‘world is providing adequate care for sick and malnourished 
children (Bernal eal 2008), 


Kwashiorkor 


tis a condition characterized by extreme protein deficiency 
and swelling in both extremities. Infants and toddlers are 
typically affected, most frequently between the ages of 
‘weaning at S.This isa severe form of ‘protein-energy 
‘maloutetion characterized by a lack of protein and edema in 
both extremities. Exiemely severe eatesof malnutrition and 
areas of extreme poverty around the World ar fected by the 
disease (Benjamin and Lappin 2021). Edema in kwashierkor 
resolves with dictary therapy before the plasma albumin 
fcancentrtion increasest has also been proposed. that 
hhypoalbuminaemia is not included in the etiology of the 
condition (Coulthard 2015) 


The word "marasmus" a Greck word meaning to waste or 
wilted. The most typical sign of acule malnutrition is 
‘marasmus. Marasmus, also known as phthisis dystrophy. and 
cachexia, hus been reported for the longest asthe usual type 
fof severe malnutrition (Pham et al. 2021). It results fem, 
insuflicient energy intake over several months to years. Itis 
characterized by wasting of body tissues, especially muscles 
fand subcutaneous fat, and typically results fom extreme 


limits in calorie intake It isthe body's physiological adaptive 
reaction to hunger in response to severe loss of energy and all 
nutrients, The ebildren feels weak and lethargic, and have 
associated, hypotension, and hypothermia bradycardia 
(Dipasquale eta. 2020), 


Children at Risk of Iron Deficiency Anemia 


(Children are ut risk for irom deficiency a thre differen ages: 
late prenatal and neonatal, 6 to 24 months, and adolescence 
“The first 1000 day, sometimes refered to 38 early-life iron 
Ueficiency, are when the brain grows and develops quickly. 
and they ean havea detrimental effect on neurodevelopment. 
‘Around two billion individuals worldoide suffer frm ion 
Aeficiency and iron-deficiency anemia (IDA), with the 
‘majority living in low- and middle-income nations. Malaria 
and parasite infections, other dietary deficiencies, chronic 
illnesses, hemoglobinopathies and lead poisoning are 
auditional causes of anemia in these countries (Mantadakis et 
al. 2020), 

“Maternal iron deficiency anemia, preterm birth, and prenatal 
Problems including intrauterine growth restriction 
‘gestational diabetes mellitus, maternal smoking, maternal 
‘obesity, and inflammation are the most common causes of 
iron deficiency in the fetal and newborn period. The most 
frequent causes of ion deficiency in people are eating a diet 
low in iron andlor containing iron binders, persistent 
_ststroimtestinal Blood loss brought on by an aversion 1 cow's 
milk or a hookwoem infection, and anemia (Cusick et al 
2018), Maternal anemia is linked to low birth weight, higher 
Perinatal mortality, and lower labor productivity in countries 
With limited resources. In these conditions, it might be 
hficult to maintain a healthy ron balance because anim 
based meals with high irom bioavailability tend to be 
‘expensive or hard to come by. Other significant risk factors 
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for IDA in low-income nations include poor vitamin C intake, 
dlcts high in ton absorption inhibitors, and infrequent meat 
cating. Using micronutrient powders to fortify 
‘complementary foods at home with Iron has been shown to 
significantly lower the risk of iron deficiency anemia (IDA) 
in infants and young children in developing nations, but iis 
also linked to unfavorable changes in gut flora and the 
induction of intestinal inflammation, which can cause 
slarrhoea and hospitalization. Infants older than six months 
ff age, adolescents with excessive menstrual blecding, 
‘women of childbearing age. and elderly persons are more 
likely to have IDA (Mantadakis etal 2020), 

Lac of vitamin 812 (riboflavin) can eause anemia to develop. 
Ie has been demonstrated that riboflavin supplements given 
alongside iron supplements have a stronger impact on 
Imaemoplobin concentration than iron supplements alone 
‘There have been cases of riboflavin deficiency in school 
children, newborns, pregnant women, and breastfeeding 
mothers” Vitamin C influences iron metabolism and improves 
non-heme iron absorption. Pregnant women, cilden who 
‘only consume cow's milk the elderly and smokers are among 
the groups at risk fr vitamin C insulicieney. Children and 
‘non-pregnant women who take vitamin C supplements had 
higher haemoglobin concentrations and serum ferritin levels 
(Bhada and Deb 2020), 


Vitamin Deficiencies in Children 


Vitamins are necessary organic substances that speed up 
metabolic processes. Adltionally, they serve as antioxidants, 
clectron donors, ar transcription effectors. They can be 
{derived fom food and supplements rin rare situations, our 
bealics of gut bacteria cin produce them on their ox, 
‘Sstemic effects from severe vitamin deficiency include the 
emergence of scurvy, rickets, pellagra, and beriberi. Oral 
Problems can also be caused by some mild, moderate, and 
severe deficits, Vitamin A deficiency has been linked to 
pericdontitis, enamel hypoplasia, defective tooth 
‘development, and oral epithelial development (Gossweiler 
sand Martinez Mier 2020), 

Ie is well recognized that a vitamin D deficiency leads 10 
‘osteomalacia in adults and rickets in youngsters. Nutritional 
rickets almost yanished from developed nations ater vitamin 
D deficiency was identitied and food supplements with 
vitamin D were inoduced. However. over the past two 
decades, a number of circumstances have caused the disease 
to resurface, with non-Caueasian children accounting for an 
increasing “number of cases. In wealthy nations 
hhypovitaminosis D in children is an emerging public health 
issue. The emergence of vitamin D insufficiency may be 
fayoured by new lilestyle pattems, the curren "epidemics" of 
‘obesity in children and adolescents around the world, and 
‘other preventable risk factors, Hypovitaminosis D has been 
linked tothe development of majceexra-skeletal health sues 
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in children, such as atopy and autoimmune disorders, in 
audition tots effects on the skeleton (Antonucci et al. 2018) 


Vitamin Deficiencies Linked to Childhood Obesity 


‘The major issue occurring worldwide is childhood obesity 
‘Overweight during infancy and adolescence isa well-known, 
risk factor for adult obesity as well as the emergence of 
‘comorbidities. In relation to vitamin D (vit D), its role in 
immunological processes and lowering the risk of chronic 
illnesses have been taken into account in addition to its 
impact on bone health and calcium and phosphorus 
metabolism. A study withthe general pediatric population of 
the United States of America, aged 1 to L1 years found that 
the prevalence of vitamin D deficiency varies by geographic 
region and is estimated to be 15%, Ina eros-scctional survey 
‘of representative sample of adolescents from Americt aged 
between 1210 19, a prevalence of 14% was also discovered 
(Fiamenghi and Mello 2021), 


Over-nutrition or Obesity in Children 


‘The term obesity’ describes an individual who has an 
‘excessive buildup of bodyfat that s dangerous to their healt, 
‘An imbalance between calorie consumption and expenditure 
is the primary driver of obesity, with excess energy being 
retained as fa in adipose issue (Seneviratne and Rajndeajh 
2022), Including young children, the obesity epidemic has 
affected every age group(Perg etal. 2019) In developing 
‘countries, & number of factors contribute 10 the tise of 
childhood obesity including reduced exercise higher calrie 
‘consumption, high socioeconomic position, urbanization and 
living in lage cities, socio cultural influences. age, female 
sgender and school food programs (Arfines et al. 2020) 
‘Obesity is linked to problems that might develop in childhood 
snd adolescence and lst into adulthond, Hypertension is one 
fof these problems, which increases the risk of long-term 
‘eardiovascularillnesses and early mortality. According tothe 
studies in Nigeria among school-aged children. the obese 
children had a considerably greater proportion of children 
‘wth blood pressure in the pre-hypertension and hypertension 
range (Orisifo et al. 2019). One of the Key factors 
‘contributing toa poor pregnancy outcome is maternal obesity 
‘or over-nuttion. Obesity during pregnancy has a severe 
impact on fetal and embryonic development. bat it may also 
have long-term effects on the children’s health (Sarker et al 
2019), The primary cause of type 2 diabetes is obesity 
(Seneviratne and Rajindrajth 2022). Maternal obesity during 
pregnancy and lactation affects oflspring’s 
reurndevelopment and raises the risk of behavioral and 
emotional issues like hyperactivity, autism spectrum. 
disorder, anxiety. and cognitive impairment. This is 
‘upported by growing evidence from epigenetic, clinical, and 
preclinical studies (Hasehe etal. 2021), 
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Malnufifion in Children of Growing Age 


‘Table 2: Preventive messuevnterventions of maltuttion 


Stages of ile —lnerenton for infants or young children Iierention To maria Taian 
Mother — dung NA Healy maternal dit pronoton and asistanee provision (Bhat ea 
pregnancy food micronutrients in situations when thee slack 2008) 


‘of accesso food, Supplementing with ron and folate 
Lcuting mother Supplementing of food or micronutrients romans. the best ieastfcedng and supplementary Hawkes et 


sud ctild (Ot for tans undee 24 moaths feoing metas 2020) 

‘oats 

CChilen aged'<5 Monitoring and promuting. growth and (Hawes eta 
fete malnutrition detection and cate Donat et a 
Hypinic measure such a band washing 2008) 


Congenital Heart Disease in Children 


(One of the mest prevalent birth defets is congenital heart 
disease (CHD) whieh has a significant moebidity and death 
rte. particularly in young children who are chronically 
‘undernourished (Shahid etal. 2021). The congenital heart 
disease (CHD) is a dangerous condition affecting on the 
Incalth of children. According to studies, congenital cardine 
Problems eause more newhorn mortality than the sum ofall 
‘ther congenital abnormalities, Congenital heart disease 
patients typically have early de-compensation, Heart failure 
strikes 20% of these kids with in the first week of lif, 18% 
‘within the first and fourth weeks, and 20% within the firs 
year (smuil et al. 2021), Children with congenital heart 
“isease Frequently experience vomiting, have trouble eating, 
fand can even develop an oral aversion, Regular feed 
interruptions, vocal cord dysfunction, snd chylethorax are 
Postopeitive risk factors for malnutrition in infants with 
Congenital heart disease. Children with single ventricle 
illness also run the risk of developing a. protein-losing 
centeropathy (Larson-Nath and Goday 2019). Congenital 
Inert disease induced severe impairment in the circulatory 
system's structure or activity, which consequently had an 
impact on the respiratory system's performance 
(Rahayuningsib etal. 2021). Delayed in weight gain, length, 
land head circumference are indiciees of growth challenges 
faced by CHD children. Lower weight-for-age and weight- 
for-length are indicators of acute malnutrition. ‘Tere is 
‘eduction in growth velocity. which significantly slows down 
‘weight achievement (Herridge etal. 2021), 


Prevention of Malnutrition in Children 


‘The timely growth and maturity of physiological, physical, 
‘neurocognitive, emotional and social functions is a sign of 
‘good health in children, The design and function of organs 
fad tissues as well as metabolic functions canbe irreversibly 
altered by insufficient intake of energy and nutrients 
throughout development (Onino et al. 2019). Nutritional 
status in women daring pregnancy and breastfeeding as well 
‘asia newhorns and young children throughout the erly years 
ff life, has a significant impsct on malnutrition in all of is 
forms daring the course of a person's life. Infants wo get 
insufficient amounts of autieals early in fe not only suffer 


fom under-nutition but are also more likely to have a more 
‘centrally located body ft distribution and they should go 0a 
to put on weight in the future and have adverse elfects on 
child's health (Haves eta. 2020), 

‘The fundamental preventive health measures used to combat 
uundemourishment at various stages of lite that are provided 
by medical institutions and networks of community-based 
health professionals are enlisted in Table 2 

‘These are some interventions inthe health system to support 
sand. promote nutrition for pregnant. women and. young 
children during the first 1000 days (Hawkes et al. 2020) 
(Children's anemia, iron-deficiency anemia, and ion 
Udeficieney can al he improved with the use of micronutrient 
povilers lor point-o-use fortification of supplemental meals 
(Heidkamp et al. 2021). Exerese is advised ot just to help 
with weight reduction and maintenance while treating 
‘obesity, but also to improve whole-body insulin sensitivity 
tnd both mothers! and children's metabolic profiles (Castro- 
Rodriguer et al. 2020), The six essential murients— 
‘carboliydates fats proteins, vitamins, minerals, and water — 
‘must be included in the halanced dict inthe right amounts and 
‘qualities (Ahmed eta. 2019), 


Conclusion 


Malnutrition is a significant issue in growing children wich 
sare contributing in malfunctioning of child growth and the 
associated health concerns like congenital heart disease 
Stunting, wasting and vitamin deficiencies. Malnutrition is 
usually assessed by anthropometric measurements. A child's 
rapid growth and development require optimal nutrition 
ding his or her infancy and early childhood. 
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INTRODUCTION 


‘Copper is considered as trace element found on the planet 
Earth (Dai eal. 2020), lt denoted by Cu (Irom atin: cuprim). 
having atomic No. 29. tis malleable, ductile and soft metal 
‘having high electrical and thermal conductivity. Fresh color 
‘of copper is pinkish ange. Is commonly used in building 
Imaleril, metal alloys, coins, jewelry, marine hardware, 
thermocouples for measurement of temperature and in stain 
‘gauges (Mehta and Bauheka 2016). 

(Copper is used in eletrical wire plumbing, cooking utensils, 
coins, jewelry and decorative objects (Thompson 2007). lis 
falso used in agriculture and veterinary medicine at copper 
‘Salt Supplementation of copper obtained from both inorganic 
dnd organic source have the postive effects in poultry yield 
{Das etal. 2010) eis also used as growth promoter if fed al 
the rate of 250 ppm, but supplementation at high quantity 
leads to decreased in feed intake. poor FCR and depressed 
srovi in broiler (Rahman et al. 2001), 

Copper may contaminate the environment when it 
accumulates abundsnlly in environment producing many 
dna (Hefnawy and El-kbsiat 2015; Dai ct al. 2020). is a 
‘one of major cause of environment pollution (Ray eta. 2006) 
Copper is essential part of miiny enzymes, which are 
necessary for the normal biological mechanism of body 
{Goetke and Chav 2003), Is present in many cells of body 


butts highest quantity present im bran and liver. It is present 
in biological system as cupric form (Cut), but in eopper 
ccontainingeazyme, ts presen as bound cation form, Copper 
is required for all living organism for normal biochemical 
process (Cate etal. 2014), his a part of many enzymes as 
4 cofactor like metaloenzyme which include Iysyl oxide, 
Cenuloplasmin, cytochtome oxidase, superoxide dismutase 
and tyrosinase. It is also required for fee radical defense, 
cellular respiration, tissue biosynthesis and neurotransmitter 
functions (Hefnawy and El-khaiat 2015), I also possesses 
antioxidant activity. is used in eytochrome copper oxidase 
land C oxidise as prosthetic group. It is essential part of 
{enzyme as is requied forthe conformation and integrity of 
fenzyme. Ht is required for oxidation reduction reaction (Dai 
tal. 2020), Lysyl oxidase is Cu enzyme which is vital for 
‘ros linkage of collagen and elastin, These ae required for 
connective tissue formation, Protein having Cu like 
ferroxidase and ceruloplasmin transfer from storage site to 
site of erythropoiesis. Myelin protects the neuron as covering 
Tayer which is formed and maintained hy Cu. It is also 
essential forthe development of eves, hr and skin pigment 
i.e. melanin (Gactke et al 2014). Copper is a part of 
cytochrome C oxidase, which catalyzes the reduction of 
‘oxygen to water, the eruial step in cellular respiration, and 
isa par of copper. zinc superoxide dismutase (Cu, Zn-SOD). 
Nonspecific Cus-s-binding to thiol enzymes transform the 
catalytic activities of cytochrome P4S0 monooxygenase, and 
Cubs could both oxidize and bind to some amino acid 
residues of the P4S0 monooxygenase, but not to its heme 
‘group (Letelier et al. 2009). in brain, copper present in 
‘numerous synaptic membranes, hippocampus, basal ganglia, 
and cerebellum (Madsen and Gitlin 2007). Many enzymes 
present in central nervous system ike ceruloplasmin, CulZn 
superoxide dismutase, cytochrome C oxidase and dopamine 
Fitiydroxylase are dependent on copper for morml 
functioning (Pal etal. 2013), 

(Copper is an essential micromineral in animal's dict. It is 
‘necessary fo cellular breakdown and enzymatic action such 
as Cu-Za superoxide dismutase (SODI), cytochrome C 
‘oxidase, Iysyl oxidase and tyrosinase that are involved in 
Several important procedures essential for maturation and 
‘growth (Gupta 2012), Improving diet with inorganic and 
‘organic Ca source has beneficial impacts on poultry 
‘roduetion (Das eal. 2010; Attia etal. 2011; Samanta et al 
2011), Ithas been recognized that as compare to inorganic 
‘copper, supplementation of organic copper atthe dose rate of 
§ mphkg is essential for the development of White Pekin 
ducks up to frat 56 days of age. The supplementation of Co 
‘enhanced the plasm copper cholesterol level and reduced the 
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level of zine. It has been stated that by organic copper 
supplementation liver Cu concentration impraved along with 
Cu excretion and retention (Attia et al. 2012) 
‘Supplementation of copper at 10 mglke was elfecive for 
repmelactive and productive elfickcy and also improved the 
quality of eggs for laying hens (Attia etal. 2011). In poultry 
and livestock feed, CuSO, is commonly applied as feed 
additives (Wen et al. 2019). Supplementation of copper at 
250 ppm bas heen certified as growth promoter (Gupta 2012), 


‘causes of Copper Toxicity 


While excessive copper in diet is linked with several 
detrimental effects om poultry. Supplementation of Ca in 
fexcest ampunt reduced the feed intake, growth and food 
conversion ratio in birds (Hashem et al. 2021). Numerous 
studies have verified the harnful effets of copper on birds 
(Yigit et al, 2012: Hefnawy and El-khaist 2015: Huang eta. 
2021). Moreover, by adding 225 ppm in poultry feed leads to 
initiate the muscle atrophy and growth retardation (Cinar et 
al. 2014) The excessive consumption of copper through feed 
leads to mogphological modifications in the soft interior 
‘organs ofthe body (Attia etal. 2011, Previously. it has been 
described that in copper intoxicated bird's variation i liver 
tissue signified by” necrotic and hyperplastic biliary 
cpithelium with several deteriorative and necrotic alteration 
is seen atthe 3 week, Additionally, at 6 week accross of 
bile duct epithelia, cholestasis, fibroblast proliferation and 
Iymmphoeyti portal aggregation occur. Long termexposure of 
Cu also leads 10 hemolytic anemia and disturb the central 
nervous system (CNS) (Hashem et al. 2021). Exposure to 
extreme level of Cu may result in oxidative distress in birds 
(Min etal. 2010; Vang etal. 2018), reduced the action of Cu- 
22a superoxide dismutase (SOD) and glutathione peroxidase 
(GSH-Ps) along. with increase in the contents of 
‘malondialdehyde (MDA) in duckling (Zhao eta. 2008). One 
‘of the best-known consequences nf excess Cu is peroxidative 
‘damage to membrane lipids. Lipid perosidation occurs by the 
‘action of lipid radicals and oxygen to form peroxy radicals 
Lipid peroxy radicals may damage cells by changing the cell 
‘membrane’ uit and permeability or by direct yatacking 
DNA and other intracellular molceules such as proteins. In 
the mitochon lipid peroxidation occurs along with in the 
inner membrane (cristae) Cu-damaged liver cells. Cu also 
leads to peroxidation in the membranes of hepatocyte 
Iysosomes (Gaetke and Chow 2003). 


Source of Copper Toxicity 


Main source of copper toxicity is the accidently consumption 
‘of water supplies which contain high concentration of copper. 
Water may be adulterted by industrial waste or farm 
‘operation that run of into nearby publie wells or reservoirs, 
Water running through the copper pipes may absorb copper 
particles and hecome pollutant with high copper, specifically 


if the pipes are corroded. Copper may he found in several 
types of food, drinking water and also in air. The renowned 
amount of copper is absorbed each day by drinking, eating 
and breathing: Copper level in air is typically low that's why 
‘capper expose hy breathing is minor, While people that live 
‘near smelters that process copper ore into metal, do 
experience this type of exposure. Occupational exposure to 
copper usually occurs. In the working environment copper 
infection may lead to flu like condition which is well known 
as metal fever (Royer and Sharman 2022), 


Mechanism of Copper Toxicity 


ltisa microclement which is essential fr normal functioning 
‘of body but when it accumulate in body at higher 
concentration, induced toxicity in aquatic life (Zeeshan eta 
22016). eis found in bounded frm with protein but some time 
it released and in freeform it catalyzed to form the reactive 
hydroxyl radicals. These radicals are reactive in nature, 
‘which leads to cellular toxicity. I produced oxidative stese 
by accumulating chronically or excessive exposure. Cu 
deficiency also produce oxidative sess (Gaetke and Chow 
2003). When copper accumulation occurred in body. it leads 
to oxidative tissue damage through free radial formation 
(Kadiiska and Mason 2002). When Cu s found in the supply 
in excessive quantity than the cells demand, it excites the 
formation of reactive oxygen species and the abrupt 
deterioration of protein, fat and DNA. Several tools have 
been recommended to validate the Cu induced toxicity. Free 
(Cusjons behave as an effective catalyst for the creation of ree 
radicals. a redox reaction cupric and cuprots copper ion may 
cexcoute as a vital component i. cupric ion (Ca) nay be 
feondensed to cuprous (Cu) in the presence of superoxide 
(O;) that may catalyze the generation of reactive OH 
radicals from hydrogen peroxide (H:0:) breakdown by the 
Haber-Weiss reaction. Hydroxyl radicals are the most 
fective oxidative radicals possibly exist in iving system 
land ea arouse the peroxidation of lipid leading to destruction 
of tissues (Hashem et al, 2021). Pathogenesis of copper 
toxicity depend upon disruption of Cu homeostasis, doe to 
‘which Cu accumulation occurred in body. Accumlation of 
(Cu in body leais to neurodegenerative changes and hepatic 
disorder. Copper indiced the cellular injury which leads to 
‘oxidative damage. Cellular injury result in the disruption of 
lipid metabolism. altered cellular events, alpha-synuclein 
aggregation, gene expression, Cu induced hepatic damage, 
initiation of acide sphingomyelinase and rlease of ceramide 
And interaction of protein and copper in the nervous system, 
(Gactke eta. 2014), 


Effects of Copper Intoxication 


Accumulation of copper in excessive quantity leads to toxic 
effects such as degeneration of basal ganglia, hemolytic 
anemia and liver cinhosis (Hefnawy and EL-khaiat 2015) 
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Copper is microclement which is essential but can be harmful 
if its quantity increased or decreased. When copper ingested 
in abundant quantity, it effects adversely tothe gut 
microflora, Liver toxicity occurred in chicken fod with 
(CuSO at 1000 mg/Kg feed (Persia etal. 2003) 
When rt fed with copper at 0.2 and 1.0 mg/kg BW, the AST 
ALP and ALT increased significantly which showed the liver 
‘damage. Result showed thal the early exposure of copper had 
cllects on liver damage and gut microflora (Dai eta. 2020) 
‘When there is impaired copper exerction or accumulation of 
copper in body due to excessive intake. it leads to oxidative 
tissue damage through fre radial formation (Kadiiska and 
Mason 2002), When oxidative damage occur, it causes many 
anomalies like Wilson's disease (Kido etal. 2017) and Indian 
childhood cintosis (Nayak and Chitale 2013) 

In a stady, Male Wistar rats were injected intraperitoneally 
‘vith copper lactate at 0.15 mp Cu/100 g BW daily for 90 
days. Serum acetylcholinesterase (ACHE) activity was 
decreased significantly. The spatial memory and decreased 
‘neuromuscular incoordination was also observed as 
‘compared to control rates. Copper contents in hippocampus 
and in liver increased signitiantly to 73% and 99.1% 
respectively while zinc content in livereducedto 40.7%. The 
hippocampus zinc “content increased by 77.1% with 
‘concomitant inerease in level of vine and copper in urine and 
‘Serum in those rales which were intoxicated with copper as 
‘compared to control group (Pa et al. 2013), 


Copper and Oxidative Damage 


‘Copper induced the oxidative stress through ROS prodaction 
Intoxication of copper at concentrations of (.06 mg d 0.1 
‘mg/L for 24 hour or 48 hour which is sub lethal 
concentration, showed the significant production of 
intracellular reactive oxygen species (ROS) in Hydra 
(Zeeshats etal. 2016). Copper intosication caused the redox 
activity through production of reactive oxygen species (ROS) 
(Valk etal. 2005). It generates the hydroxyl radicals and 
superoxide as a result of reactive oxygen species (ROS) 
production via Haher-Weiss and Fenton reactions, 
‘According to another study, body weight ofthe broiler birds 
‘vas found decreased at 6 week which was fed with copper 
atthe conceatration of 300mg/kg feed. Feed conversion ratio 
(PCR) was also poor in these bids as compared to control 
hinds feeding with normal dict. Enithmeyte superoxide 
dismotase, alanine aminotransferase, Plasma aspartate 
aminotransferase, iron, alkaline phosphatase activities, 
‘copper concentrations, and malondialdehyde were increased 
in copper intoxicated birds while in plasma vitamin A and C 
‘concentrations were decreased, in copper intoxicated bids 35, 
compared to contro birds (Cinar et al. 2014). 

Copper is also toxic to aquatic animals, depends upon its 
{quantity/concentration (Vieira eta 2009). Accumulation of 
‘copper in body leads to ROS production resulted in oxidative 
damage by oxidizing protein and lipid molecules (Wan et. 
2012}, When the quantity of copper increased im aquatic 
medium, it resulted inthe copper accumulation in 
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hhydrobionts. Lipid peroxidation occurred through ROS 
production in copper intoxication (Barata et al 2005), 
Initiation of apoptosis (Krumschnabel etal. 2005), DNA 
damage (Bopp et al. 2008) and agitation of embryonic 
development (Kong etal. 2013), Numerous effects of copper 
‘exces inhuman and animals have been shown in Fig. 


Effects of Copper Deficiency 


Copper deficiency also effects adversely and shows many 
clinical signs like anemia, pale coat, decrease the fleece 
quality in sheep, decrease the capillary integrity, bone 
fracture, poor repredactive performance, spinal cord 
hhypomyelinization, decreased "immunity "and —diarhea 
(essman etl 2001). which leads to the economic losses. In 
‘izing animals copper deliciency ranked at 2" most 
‘widespread deficiency among all mineral deficiencies. When 
animal suffered from capper deficiency it leads to change in 
blood chemistry and enzyme system (Hefnawy and E-khalat 
2015). Is deficiency adversely effeets the cardiovascular 
system by affecting the Iysyl oxidase, ceruloplasmin and Cu 
superoxide dismutase which are essential forthe strength and 
itegrty of blood vessels (Al-Bayati et al. 2015). I leads 10 
fatty lier disease, if copper intake is improper Antonucci et 
al. 2017). Copper deficiency may also lead tothe peripheral 
neuropathy (Coyle 2016) and anemia (Nakagawan etl 
2014). Numerous effects of copper deficiency on human and 
‘animals have been shown in Fig. 2. 


Amelioration of Toxic Effect of Copper 


The toxic effects of copper are ameliorated by Vitamin End 
ascorbic acid by reversing the oxidative damage. Zine also 
lmelioraes the toxic effects of Cu by reversing the free 
radical formation alter binding on that site where the Cu 
bound and produced toxicity. Aipha-lipoic acid, polyphenols 
and beta-carotene also ameliorated the oxidative stress 
induced by the Cu (Gaetke and Chow 2003). 

Ina study liver toxicity occured in chicken fed with CuSO4 
at 1000 mg/Kg feed. Supplementation of Zn at I g/kg. 
fysteine at S gf kg and of ascorbic acid 1 ghky teed 
“ameliorated the toxic effects of Cu toxicity by reverting the 
accumulation of Cu in liver. Supplemental ZnSO, also 
decreased the food intake, weight gain and reduced the Cu 
concentration in liver (Persia etal. 2003). Copper 
imtoxication at 300 mg/Kg feed caused the oxidative damage 
‘while supplementation of vitamin E and yatamin C at 250) 
‘mglkg and 250 mg/kg fed respectively ameliorated the toxic 
cllets of copper in broiler (Cinar etal. 2014), Myo-inositol 
(MD ameliorate the toxic effects of Cu through reverting the 
ROS prosiuction, protein oxidation and induction of lipid 
peroxidation im fish muscle. Molybdenum also have the 
capability to decline the copper absorption from the intestine 
and stored in he lier by enhancing the copper excretion. The 
ratio of capper to molybdenum in total dist of sheep must be 
(1 respectively Jiang etal 2015). 
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lg. 1 Eifects of copper excess on human ad animal 


Ane, ple cot 
say dcrese eee 
quality in sheep 


lg. 2: Eifects of copper deficiency on human nd animals 


The consequences of Cu toxicity may be reduced by 
antioxidant protection system ie glutathione, catalase, 
dismotase, superoxide and vitamin C and E (Cinar etal 
2010). The dietary administration of several antioxidants ie, 
Selenium and vitamin C and E were effectively practiced, 
‘which mitigated the oxidative distress in animal products 


(Gouda e¢ al. 2020: Amer etal. 2021: Ibrahim et al. 2021), 
Vitamin E isan antioxidant which protects the intracellular 
structure of animals and humans. I works by alleviating the 
‘harmful impacts of reactive oxygen species (ROS) and free 
radicals which stimulate the destruction of sulthyry! groups 
and phospholipids, and leads to the altered cell messbrane 
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structure. Similarly, vitamin C is significantly critical water. 
Soluble antioxidant, as it defends biofilms from peroxidation 
‘of lipid by eradicating the peroxyl radicals in the aguecus 
‘hase prior tothe deterioration process starts (Leskovrec eta 
2018). It aso acts to reload the declined vitamin E_ The 
lipophilic radicals form in the membranes may be eradicated 
dirctly by vitamin C, while it declines the quantity of 
tocopheroxyl radicals that are observed in the membrane 
during the conversion of the lipophilic to aqueous phase. 
‘Several studies exposed good. performance hy the 
supplementation of vitamin C and E in poultry (Cinar etal. 
2014: Zhu etal. 2019; Gouda et al. 2020; Amer et a. 2021) 
for fish det (brahim et al. 2020: Ibrahim et al. 2021: Azeez 
fad Braimah 2020; Ahmed et al. 2021), Currently, several 
‘istinct information's have stated that vitamin E and © may 
‘defer from lethal impurities of xenobiotics snd minerals ue 
‘their vital role as an antioxidant (Ajuwon and Idowu 2010). 
Both vitamins may work synergistically 10 prevent the 
harmful effects of copper toxicity (Cinar et al. 2014) 
Previously it was desenibed that ‘concurrent impacts of 
vitamin C and E may alleviate the DNA and histological 
alterations in the liver of birds intoxicated with CuSO4, 
Vitamin C and E alleviate the oxidative stress, Leukogram. 
centhragram alterations and histopahological alteration ia 
Tidney induced by CuSOM toxiity in binds (Hashem eta 
2021). 

‘As copper is able to catalyze the development of reactive 
‘oxygen species, while the nutrients having the antioxidant 
lites may protect against capper induced oxidative injury 
Possible mechanism for antioxidant action of ‘nutrients 
comprises of; constrain the formation of mitochondrial 
superoxide. scavenge or chelate the reactive oxygen species, 
for withdraw the transitional metal ions from the site of 
reactive oxygen species formation, declining the 
hydroperoxides formation, and restoration of impaired 
‘molecules. Significant enzymatic antioxidant systems in the 
body comprise of Mn-SOD. CU, Zn-SOD, GSH-Px and 
catalase, while non-enzymatic antioxidant system comprises 
of vitamin C, GSH and bet-carotene (Gactke and Chow 
2003). 


Conclusion 


Copper isa vital nutrient and a redox-active transition mca 
‘which can stimulate oxidative injury, High level of Cu may 
lead to enhanced oxidative destruction of protein, lipid and 
DNA and. subsidize to neurodegenerative syndromes 
‘Altematively, copper is necessary for optimum antioxidant 
Protection, and copper deficiency declines the body 
Capability to deal with oxidative distress, Several nutrients 
can intermingle with copper and change its toxicity 
‘Available evidences indicate that vitamin C and E, ascorbic 
acid, zine, alphlipoic acid, betrearotene, molybdenum and 
polyphenol primarily protects against the copper induced 
oxidative injury 
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INTRODUCTION 


There are many disorders which acutely affect human being 
and are prevalent across the World, Among these, diabetes 
‘mellitus occurs abundantly in the developing countries. 
Diabetes is a chronic condition that oceurs when there are 
‘sed levels of glucose in the Blood because the body cannot 
Produce any or enough of dhe hormone insulin or use insulin 
lfectively. According to International Diabetes Federation 
(UDF), in Pakistan every 4 person is affected with diabetes 
Ieis generally classified as type-1, type-2, and gestational 
diabetes, The oecurrence of type-3 diabetes is much more 
than the type-1 and gestational diabetes (Atkinson et al. 
2014). Due to numerous side effets of allopathic treatment, 
scientists are now moving toward botanicals showing good 
clfcacy. Qunioa (Chenopodiuon quinoa wild) is crop belongs 
to the Amaranthaceae family: sub family Chenopodioideae 
and considered as pseudocereal. Its edible sede are glaten 
free containing various minerals (P,K, and Mg) and vitamins 
(Vitamin BI, B2, B3, B6, C and E) which are effective 
‘agsinst sumerous diseases. Raw uncooked quinos consists of 
13fe water, 64% carbohydrates, 14% proteins, and 6% fa 
‘The saponins (glycosides) protection on seed make it 
‘unpalatable but protect it against many biotic factors 
including inssct and birds whic harshly affect the potential 
yield James 2009). Qunioa can be effectively used against 
‘many diseases such as cancer, cardiovascular diseases, and 
dliabetes mellitus, The anti-iahetic effects of quinos are die 
tthe presence of various chemicals which lowered the blood 
slucose level, Ir also releases many phytochemicals which 


help in making an efficient dit for diabetic patients (Graf et 
al, 2014). This chapter broadly discusses the anti-diabetic 
impact of quinoa on har felts, 


Diabetes Mellitus 


Diabetes is an autoimmune discase, in which Pells of the 
pancreatic islet are atacked by the host immune system, 
leading to impaired growth and function. Regarding the 
passible causes of Type-1 Diabetes Mellitus (TD), in 70- 
‘90% of diabetic cases. autoimmunity isthe prominent cause 
fof damaging fieells (Atkinson et al, 2014). Diabetes is 
mainly divided into two types including type-1 and type-2 
diabetes mellitus (T2D) in whieh T2D (not dependent on 
insulin) depends on the existence of autoreactive antibodies 
leading tothe damage of cells, T2D is considered as an 
‘idemic in multiple countries, especially in developing 
‘Snuntries, and ane ofthe major causes of death. Nowadays i 
has become a major global health concern (Bommer etal 
2018). According to hygiene hypothesis, good hygiene may 
‘cantribute ta the aecurrence of diabetes, A precise estimation 
‘done by International Diabetes Federation (IDF) in 2021 
536.6 million individuals ae sulfering from diabetes snl this 
‘value is expected to extend by 46, reaching 783.2 million 
by the year 2045 (Sun Hong etal. 2021). In diabetes, body is 
unable to diferentiate between the invading pathogen and 
body own cells leading to the attack on the body cells by 
immune system (Arif et al. 2004). A chronic helminth 
infection may decrease the occurence of diabetes due to 
immune shift indicating an alternative way to control diabetes 
mellitus (Klement etal 2008: Hubner et al-2012), 


Mechanism of T1D Development 


‘Typically, after taking the meal, along with insulin 
production, glucose is also praduced in the boxy which 
faises an increase inthe’ biotransformation of ‘sugar 
Iolectles that are deposited in muscles and fat dssues. 
Without dependence on insulin, glucose is provided to the 
brain bythe liver during fasting conditions. On the othe side 
insulin inhibits glucagon secretion in response to which 
serum fatty acids are produced in low concentrations 
Fesulting in decreased production of glucose by the liver 
(Kangralkar etal. 2010) 

Blood hyperglycemia results de to insulin resistance or low 
assembling of insulin in the blood that hampers the process 
‘of glucose uptake in tissue. Beeause of impaired assembling 
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‘of glucose in the blood, the process of gluconeogenesis and 
[lyengenesis initiates hich resulted in Tat breakdown and it 
dlrected toward diabetic ketoacidosis, Hyperglycemic coma 
is due to the rising level of glucose in the blood. Less 
‘assembling of insilin in the blood may result in the 
destruction of pancreatic fells due to different causes 
‘named as TIDM  (Type-1 Diabetes Mellitus). Principal 
factors ‘which cause the destruction of ficells are 
cnviranment, autoimmunity, and a genetic disorder. Because 
fof insulin resistance, there is impeded regulation of insulin 
‘which causes another condition called Type-2 Diabetes 
Mellitus (T2D) (Asmat et al. 2016). Mechanism of glucose 
‘management in Liver and pancreas Asis shown in Fig. 1 
Diabetic victims are always at threat with several hurdles 
ranging from macrovascular to microvascular glitches 
Stroke and coronary heart disease are embodied in 
‘macrovascular bariers while nephropathy, retinopathy, and 
‘neuropathy are included in microvascular complications. The 
‘hazard of macrovascular deterioration is more in aged people 
than in microvascular complications, It is assessed. that by 
2035, 600 million individuals are to be treated with diabetes 
‘and this autoimmune disease is rising extensively around the 
‘lobe (Berbudi eta. 2016), 


Quinoa (Chenopodium quinoa wild) 


Quinoa, a member of Amaranthaceae family. isan 
indigenous crop that shows resemblance to cereal crops and 
primitively grown in the Andean region of South Ameria, 
including Ecuador, Chile. Peru, Bolivia, and Colombia. 
From 3000-4000 years, this magnificent erop has been 
cultivated for livestock feed and for the consumption of 
‘human beings (Vega-Galvez etal. 2010). It was considered 
the principal meal of the Inet civilization. The dominantly 
spoken language of the Incas was Quechua. Therefore. 
Citizens ofthe Incas called quinoa: chisaya mama "mother of 
allthe seeds", because quinn food was represented together 
‘with potato and maize and considered as a chief dictic 
clement, Therefore, itis known as "Inca gold because of its 
‘marvelous healing and beneficial properties. While, in 
‘current years quinos is intexduced in different continents and 
countries of the world including Japan, North America, 
Europe, China and Australia, Due to present situations, 
{quinoa ix restricted to South America only. Hence, quinoa 
‘as re-introduced for its nutritional and agronomic atibutes 
(Hussain etal. 2021), It is herbaceous annual plant grown 
specifically for eible seeds. In comparison with other cereal 
crops, it contains @ high amount of dietary fiber. protein, 
dietary minerals, vitamin 8, and a lov level of glycemic 
index that reduces the glulen concentration making it a 
‘beneficial crop for diahetic patients (Gonzalez Martin etal 
2014). It is considered as a pseudo-cereal erop and has 
Similar characteristics to the amaranth and spinach families 
(Fuentes et al. 2009). The genus of quinoa is Chenopodium. 
land around 250 species have been identified all over the 


world, United Nations declared the international year of 
quinoa in 2013 to highlight is tremendous potential (Tang 
et al, 2015b). The acclimatized species of genus 
Chenopodium are categorized into two parts based on 
crossing relationships, pericarp and perianth morphology 
(dal et al. 2012), 


Morphological Characteristics 


Quinoa is monoecious annual plant, with an erect stem and 
alternate leaves colored dc to pigments like betacyania, In 
Inia, several varieties are sown, and reliable grovth is 
‘expressed by plans up toa height of 15m, habitually, with 
large leaf sizes and a large surnber of branches, The ewer 
and upper leaves have thomboids and lanceolate shapes, 
respectively (Gomez and Pando 2015). Petole and lamina 
are the components of leaves: petioles are grooved, lng and 
tenuous. The length of the petiole Muctuates sometimes 
‘within the sime plant and depends on dhe varity. The leat 
blade of «plant shows polymorphisms within the same plant: 
for instance. it can be wiangular, wavy, fla, or diamend- 
shaped (Christensen eal. 2007). The quinoa plant is 
associated with intense branching and deep root system, 
‘wich plays a significant role in plant stability om the ground 
snd allows the plant to suffer under drought conditions, The 
stem of the quinoa plant is woody in nature, ereced and 
ramified 

‘The inflorescence of quinoa is commonly called panicle, 
‘comprising of secondary and tertiary branches along with 
pedicels holding glomeruli. The length and the diameter of 
the panicle ranges from 30 to 80 cm and Sto 30 cm 
respectively and variability in both depends upon types of 
genotypes and ferility status of the soi. The number of 
‘glomeruli per panicle varies between $0 10 120, while the 
range of seeds per panicle is upto 3000 (Mujiea et al. 2001) 
‘Quinoa fruits have ellipsoidal, spherical, and conical shapes 
snd the pericarp of fruit varies in color from yellow to greyish 
‘wth magenta, Due to the smal size of fruits, the weight falls 
in the range of 1.9 to 4.3g per 1000 seed weight (Koziol 
1902), The embryo, perisperm and episperm are three vital 
‘components of seeds (Prego ct al. 1998), 


Nutritional Profile 


Quinoa grains are an excellent source of indigestible 
‘compounds with biological and antioxidant properties 
(Pellegrini etal-2018). The nutritional profile of quinoa varies 
significantly among generypes and has been eategerized into 
two groupe the group Ais polyunsaturated fatty acids and 
phytochemicals present in igh amount and group B consists 
ff long-chain fatty acids and linolenic acid in high 
‘concentrations (Nowak etal. 2016: Chen et al 2019), Quinea 
‘grains have high nutitional value consisting of protein (10- 
18%), starch (32-60%), fats (44-88%), ash content (24 
3.7%) with Pand K being dhe primary ash sources anda fiber 
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‘Table 1: The quinoa general maton pile nl conprion othe nuit profiles of ate fos (Livery of Syn 2014; USDA 2015, 
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(11-1345) (Nayruz-Varll and Sanlier 2016; Romano et al 
2020). Quinoa grain is a raw material with a high 
‘carbohydrate content made up of strch and low sugar content. 
Due to high nutritional value of quinoa it sa complete fod. 
‘mainly due to good quality protein and minerals such as Mg 
(Ca, Fe, Ma, P,Zn,and Cu (Vega-Galvez etal 2010), Itean he 
‘used as “functional food” and diminishes the risks relsted 
to many diseases. The presence of minerals, vitamins, fiber, 
antioxidants, fatty acids and plant hormones in. quinoa 
dominates its functional properties that subsidize the 
‘utrtional aspects of humans (Repo-Carrasco-Valencia et al 
2011). Comparison of nutritional composition of cooked 
{quinoa to ther common cereals is summarized in Table 


Biochemical Configuration 
Proteins 


‘As proved from previous studies, quinoa is sich in protein and 
the dictic proteins originate from its grains provide all types 
‘of cardinal amino acids, The protein content in quinoa ranges 
from 12 to 23% (Comino et al. 2013; Fotschki ct al, 2020). 
is comidered as a perfect food as it contains all essential 
amino acids ic, histidine, tryptophan, leucine, isoleucine. 
Iysine, phenylalanine, methionine, tyrosine, threonine, and 
valine (Maradini-Flho 2017). The percentage of globulins 
and albumins in the grains of quinoa are about 37% and 35%, 
respectively (Miranda etal 2012). On quality huss, guinea. 
proteins are comparable to the protein (casein) present inthe 
milk. An L1Sype protein globulin with & quaternary 


structure is one of the proteins found in quinos consisting of 
1 variable content of asparagine, aspartic acid, serine 
lyeine, leucine, arginine, and glutamine-glatamie acid. By 
‘comparing with the total composition of quinos seed protein, 
it fis approximately low sulfur-contining amino acids 
Cysteine, arginine and histidine are the amino acid 
‘comprising another protein known as 2S-type albumin (Filho 
etal 2017) 


Vitamins 


Folic acid and vitamins B and E are assembled in the 
‘embryo of quinoa, Itisa much more reliable source of theke 
vitamins (Busantes-Morales etal, 2019), ln comparison t0 
‘other cereals the grains of quinoa consist of large amount 
fof ribollayin, vitamin C. thiamine, and folic acid. After the 
‘consumption of 100g of quinoa, an adult ean easily meet his 
iictary necessities, 80% of the dietary requirements of 
children and 40% of the cellulase, protease, and. hemi 
‘cellulase requirements ae fulfilled aller consuming 10g of 
quinoa grains (Mohyuddin et al. 2019). Beta-carotene, 
Which is aprecurser of vitamin A, weighs 0.39 mg per 100g 
‘of quinoa: tocopherolsvtamin E range from 3.7 to 6.0 mg 


per 100g, riboflavin'itamin B2 weighs 0.29 mg; 
niacinvitamin B3- weighs 06 mg per 1003. 
pyridoxine/viumin B6 weighs 0.20 mg per 100s: 


Prntothenic acidvitamin BS is 0.61 mg per 100 g, folic 
aciditamin BO 235 t0 78.1 mg per 100 g, ascorbic 
aciditamin C 4.0 to 16.4 mg pee 100 g (Tang etal, 2015). 
‘Amounts of different Vitamins present in per 100 of Raw 
tnd polished quinos seeds are shown in Table 2. 
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“Table 2: The content of certain vitamins inguin sed (mg/1008 
dy basis (Ruals and Nair 1993) 
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Minerals 


‘Quinea grain contain high concentration of Fe, Cu, Za, Mg and 
Ca as compared to other cereals, including wheal, eats 
‘witcale, rice and barley Filho ea. 2017). Th percentages of 
Ca, Fe and Zn in quinoa grains are 29.43%, 49.08% and 
20.25%, respectively (Darwish et al, 2020) Cu (2-10 
‘mg/kg, Za (28 48 mg/kg). P (1400 10 5300 mk), Mg (260 
to 5020 mghkg), K (75 to 12000) mg/kg), Ca 275 to L487 
mg/kg) and Fe (14 to 168 mk) ate the micrenutrient found 
in quinoa grains. Therefore. or a falanced human diet 
‘micronutrients in quinoa are in ample quantities (Vega-Galvez 
etal 2010), Amounts of minerals present in quinoa seeds are 
clisted Table 3. 


Carbohydrate 


The amount of carbohydrates is directly linked with many 
metabolie processes like protein glycosylation and plays 


pivotal roe in he ntsiticnal aspects Seeds of quinoa exhibit 
ome beneficial characteristics like lowering the free falty 
scids resulted in reducing hypoglycemic effects, The 
‘concentration of gluten is negligible in quinoa grain as 
‘compared to wheat, oat ete, that make ia prominent cereal 
(Hussain eta. 2021). As reported by Jancurova etal. (2008) 
a remarkable number of carbohydrates in the range of 67 
74% of total dry matter ae present in quinoa, and nearly 11% 
tf amylose content is preseal. Concurrently, some distinct 
‘carbolydrates are also cataloged, including crude fiber (2.5— 
3.9%), pentosans (2.9-3.6%), monosaccharides (2%), and 
Uisaccharides (2.3%) (Valencia-Chamerro etal. 2003), The 
March present in quinoa is described by its high digestibility 
and solubility. Up to $8,1-64.2% of the dry malter of quinoa 
is composed of starch, and the concentration of amylose is 
also low (around 10%) although the concentration uctuates 
between 4% to 208. Around 90% of quinoa starch is made 
by amylopectin. Quinoa’s gelling point is adequately lower 
under cod temperature sorage. Its seeds are characterized by 
their creamy nature and smooth texture (Vega-Galvez et al 
2010). In comparison, sucrose is present in a substantial 
‘quantity (Schoenlechner, 2017). ‘The —carbohyrate 
‘composition of diferent genotypes is enlisted in Table 4 


Fiber 


(Quinoa is considered as a chief source of fiber. Fiber 
content is not markedly affected by the abrading and 
washing of quinoa with the purpose of eliminating the 
saponins (Ranhotra etal, 1993). in quinoa the conteat of 
lctary fiber is equivalent to legume grains and cereals, but 
2s compared to buckwheat, low dietary content i present in 
quinoa (Alvarez-ubete et al. 2008). As reported by 
Lamothe et al. 2015), the total dietary fiber present in 
«quinoa is 10%. Fiber isa fraction of carbohydrates that are 
Fesistant to absorption in the small intestine and enzymatic 
digestion, but in the large intestine, it normally undergoes 
partial or full fermentation. Fiber ca improve the intestinal 
microbiow, low cholesterol, reduce the risk of 
‘gastrointestinal infections and inflammation (Brovnavell 
etal 2012; De Carvalho etal. 2014), 


Upids 


‘Quinoa contains 5.35—14.5% lipids and the lipid content of 
‘quinoa is distinguished by'a high degree of unsiturstion with 
the range of 70% to 89.4% (Gonlillo-Bastdas etal. 2016) 
Lipid is usually located in embryo of quinoa and the range of 

content is also quite high (5-10%) (Prego etal. 1998), 
About 256 of the total lipids are characterized by polar 
lipids, mainly phospholipids such as choline and 
Iysophosphatidie ethanolamine (Benito et al. 2018). The 
Stability of the oil is particularly dependent on natural 
antioxidants that exist in high quantities including @ - 
tocopherols (69-75 mg/100 g of el) and y-tocopherals (76- 
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Fig, 2: Funcions of iautive compounds found in Chenoa Quinn 


‘Table: Function and biological activites of chemical eotets ein Chenpod quinn 
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93 mg/100 g of oil) (Koziol 1992). A contemporary study 
indicates thit 894% unsaturated fatty acids are found in 
‘quinoa sced oil containing 54.2% 0 58.3% polyunsaturated 
fatty acids (Tang et al, 2015). Quinoa seed is considered as 
the primary source of several essential fatty acids, including 
‘omega and omiega-3. Dilferent phytosterols are also present 
in quinoa, mainly squalene (Gra et al. 2015). 


Anti-diabetic Nature 
Pharmacological Activity of Quinoa 


Quinoa contains a variety of bioactive compounds; 
particularly in its seeds, stems, leaves, and roots. These 
bioactive ‘compounds have many beneficial biological 
‘consequences including antioxidant, ant-inflaramatry.anti- 
labetic, antifungal, anti-microbial and anti-cancer effects 
(Table 5) (Shah etal. 2022) 


Antidiabetic Consequences 


‘Quinoa contains higher levels of bioactive peptides, protein 
fiber, tocopherols, and phenolic acids, which are well known 
for their antidiabetic atibutes (Cisneros-Yupangui etal 
2020), In diabetic patents, HhAe and BMI levels can be 
‘cantrolled after consumption of quinoa, Furthermore, quinoa 


ids in the maimenance of blood glucose levels and the 
improvement of health in people with prediabetes (Abellan et 
al 2017), Graf et al. 2014) studied the impact of some 
‘compounds sich as phytnecdysteroids which are leached by 
the scods of quinoa For the objective, with leaching 
cllciency being optimized, an 80°C temperature, a 70% 
ethanol concentration, a period of 4 hours, and a 5 ml/g 
solvent ratio were used. Quinoa leachate with the compounds 
snd markedly lowered the blond glucose level in mice which 
were obese and hyperglycemic. In another stady by Lie al. 
(2018), ghicose and fat levels were assessed aller 
‘consumption of quinos-enriched bread inpatients with 
‘cardiovascular disorders, and it was unveiled thatthe glucose 
levels in the control group were low. Hanan et al. (2019) 
‘examined the anti-diabetic and antioxidant activity of guinea. 
Seed powder in diabetic rats. Rats blond and glucose levels 
‘Were minimized alter consumption of quinoa in diferent 
‘concentrations. Furthermore, rals were fed. with several 
‘concentrations of quinos seed powder which resulted in the 
reduced level of thyroid hermones. There are several other 
plants from shich phenolic compounds exhibit in vitto a= 
flucosidase and c-amlase inhibitory consequences 
(Hemalatha et al. 2016). Another research which was 
Performed in vitro demonstrated the quinoa polysaccharides 
Inhibitory effects on a-glucosdase andl a-amylase (Tan eta 
2020), Peptides located in quinoa might assist n controlling 
the blood sugar levels as the a-amylase and «glucosidase 
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ipeptidy-peptidase-4 (DPP-1V) are influenced by inhibitory 
cllects of quinoa peptides (Nongonienma et al. 2015 
Vileacundo eta. 2017; Guo et al. 2020: Musil etal 2020). 
For the remedy of diabetes mellitus type-2, DPP-IV 
inhibitors are efficiently used a¢ they assist to reduce the 
fasting hyperglycemia by proracting insulin secretion (Green 
tal 2006; Kasina and Baradhi 2019). Moreover, itis stated 
that bypoglycemic potential is also present i the saponins 
(Marrelli et al. 2016; Ren etal. 2017; Singh et al 2017). The 
process of digestion and gasricemphing slow up due tobigh 
protein content of quinoa (Cisneros-Yupanqui etal. 2020) 
Various functions of bioactive ‘compounds found. in 
Chenopodium Quinoa ace ilustated in Fig. 2 

‘The hypoglycemic potential of quinoa has been proved in 
‘many in-vitro studies (AI-Qabba et al. 2020; Cisneros 
Yupangui etal. 2020; Norato et al. 2019; Ujroghene etal 
2019; Ayyash etal. 2018; Hemalatha etal. 2016: Graf eta. 
2014), According to Hemalatha et al. (2016), quinoa extract 
an inhibit the enzymes e-amylase and a-glucosidase. In 
faother study, 2 low glycemie dict including. quinoa was 
tested in diabetic patients and the results indicated drop in 
HibAe and increase in HDL (1.7 mgldL) level (Pasko etal 
20106), 


Conclusion 


Chenopodium guinoa attains a nutitionally sich profile, 
including lipids, carbohydrates, proteins, vitamins, and 
‘minerals It isa superfood (gluten-iee diet) for humans and. 
ie relatively much beter than other cereals. Tt has an 
exceptional and beneficial composition, including fiber 
‘Phenolics, bioactive peptides, proteins, and tocopherols. tis 
‘ery eflective against certain diseases Such as cardiovascular 
issues, celiac disease, and especially against sD. Diabetes is 
inhibited hy. its enzyme inhibition properties and the 
Production of less glucose, which stabilizes the intensity af 
the disease Its consumed on daily basis, it ean overcome 
siabetes and ahr diseases more efliciently than a synthetic 
dru, 
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INTRODUCTION 


‘An adequate dietary intake of minerals (macro- and 
‘meronutrients is fundamental fr any cellular lfe on earth 
‘Among micronutrients, selenium has been the subject of @ 
‘cantintous debate when it comes to human aswell as animal 
‘nutrition, romtoxicity to deficiency. research on selenium has 
‘came a long Way’ since is discovery in 1817 by the Swedish 
‘chemist Jons Jacob Berzelius (Cobo-Angel etal. 2014), 

Like any ether animal enterprise, selenium is shown to be an 
indispensable clement in dairy nutrition promoting the 
‘overall health status of animal viz. improving gut health, 
regulating immune system, balancing thyroid hormones, 
‘catrihuting to disease resistance and boosting reprodctive 
performance (Sehoussi etal, 2016 Arshad tal, 2021: Xiao 
e¢ al 2021). All these vital roles of selenium originate from 
the fact that it is incorporated in range of selenoprotcins 
(Labunskyy et al, 2014) which are dirctly or indirectly 
involved in antioxidant defences (Sun et al. 2019), Research 
‘has established tht synthesis of selenoproteins i affected by 
the nutritional level of selenium (Han et al. 2021). Thus, low 


levels of selenium in diet of, more precisely reduced 
selenoprotein synthesis in hody ultimately affects various 
metabolic processes (Pedra and Madrid 2009). 

Dietary supplementation of different selenium compounds to 
farm animal also enhance the mtitional quality of final food 
predact, All these valuable contributions in livestock make 
Selenium a fascinating nutrient, and any hall-measures in its 
‘upplementation would have far eaching consequences other 
than compromised animal health and production (Salman et 
al. 2013: lann et al, 2019). 


Requirement 


Ruminants exclusively depend on diets of plant origin as 
source of fiber along with other nutsients. These plants, via 
ccmnversion of selenium salts to different ceganic forms 
(cuainly selenomethionine) and their subsequent non-specific 
incorporation into plant proteins, introduces the selenium into 
hhuman and livestock diets (Calamari etal. 2010), Most of the 
‘world wils are deticient in selenium, and different forages 
grown on them are unable to micet animal requirements 
[Filley et al. 2007; Sordillo 2013). Moreover. extensive 
farming strategies along with the legislature prohibiting the 
use of selenium based fertilizers inflict lower selenium levels 
in the soil which consequently translate into lower intake by 
livestock, thus, necessitating extemal supplementation of 
selenium (Davy eta. 2016) 

‘The National Research Council 2001) has set dairy cattle 
selenium requirement at 03 mglkg feed (DM basis) 
imespective of age. physiological stage of animal and 
Selenium form (Oltamart et al. 2014). ‘These propositions 
‘ost probahly intended to prevent the element deficiency in 
‘nim rather than health optimization or toxicity prevention 
(Soria 2013). National Research Council (2008) recognized 
5 mg selenium/kg feed (DM basis) ay maximum tolerable 
level for ruminants. For dairy nuitoa, United States (Food 
and Drug Administration, 2008) and Canada (Canadian Food 
Inspection Agency 2015), limit external selenium 
supplementation to O.3mg/kg dey matter regardless of the 
form used, which is roughly equivalent to 3 mg selenium per 
snimal per day. Inthe European Union, eatle canbe fed diets 
with a maximum of 0.5 mg/kg DM of total dietary selenium 
With 0.2 mg/kg DM organic selenium at the most (EPSA 
2013), Recently, Hendriks and Laven (2020) compared 
Selenium allowances for ity cattle raised in New Zealand 
‘wth her parts of the world: atinbuting to dominant psture- 
bused dit for beter part ofthe year with adequate vitamin E 
and polyunsaturated fats. They recommended that feeding the 
‘atl a 0.05 mg selenium/ke DM should he enough, 
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Seleniom Supplementation fo Lactating Calle 


In dairy, a single fixed recommendation for dietary selenium 
scems irrational. The generally accepted recommendation 
(0 3mg/kg DM) may not be suficient fo cattle at a particular 
stage (transition pesiod) or when animal is under stress (heat 
siress) (Gong and Xiao 2021). During the pre-and 
pospartum period in cows, beneficial role of dictary 
‘selenium at slightly higher concentrations than recommended 
have already been tested in many studies (Kamada 2017 
Khalili et al. 2019). Based on various factors viz. animal 
productivity, body vitamin Estas, ingestion of 
polyunsaturated fatty acids, ambient temperature etc. Sule 
(2010) articulated a hierarchy of selenium requirement in 
cattle which suggested that it isthe balance between anand 
Prooxidanis at any stage or time which determines selenium 
demand of animal. Increase in body oxidant state will 
increase the ody selenium requirements and vice versa 
(Hendriks and Laven 2020)-A good deal of poblished studies 
also stated manifold increase in milk: selenitm concentration 
‘when cattle were fed with supra-nutritional quantities of 
selenium (Givens et al. 2004; Walker etal. 2010, Sun etal 
2021), However. farmers and legislation authorities must be 
attentive tothe threat posed by such high levels of selenium 
in animal diets to avoid any environmental hazard. For this, 
cconsiderable attention should be given to the form of 
selenium present in the feed supplement. 


Sources (inorganic vs. organic) 


A great deal of information has been accumulated over aspan 
‘of years indicating the paramount importance of dietary form 
‘of selenium when it comes to bioactivity and metabolic fate 
fof the element (Suttle 2010). In general, there are two 
selenium sources in cate diets: (A) native feedstuffs mainly 
comprising roughages and grains (may include drinking 
‘water) and (B) supplemental selenium primarily via mineral 
‘remixes or salt blocks. Typically, feedstfis of plant origin 
‘contain selenomethionine accounting for 5.65% of selenium. 
(Whanger 2002) whereas external supplemental sources exist 
in either inorganic (salts of selenite and selenate) or organic 
frm (Selenium yeast or pure selenomethionine preparations) 
(Surai 2006; Silvestre etal. 2007) (Fig. 1). 

Various studies have been mide to assess the role of 
inorganic and organic selenium in dairy mutrition, based 
specifically on bioavailability, state of production and 
‘reproduction, body antioxidative stalus, issue accumulation, 
‘udder health, milk wansference, dam-<alf transfer eflicieney. 
toxicity risk assessment and environmental pollution. Mest 
often, such comparative analyses showed notable pestive 
responses with organic forms, ‘Therefore, in recent yeas, 
‘ulation of organic selenium supplements in livestock 
‘nutrition has gained considerable interest, however. 
relatively low prices of inorganic salts still entangle the 
tisage of organi supplements in practical farming (Weise 
2008: Sun etl. 2019} 

‘The bio-fficiency of organic forms revolve around their 
selenomethionine content rather than total selenium levels 


(Guniper etal, 2019). Surai et al (2017) summarized the 
‘commercial selenium products inio three generations: 
inorganic selenium salts being the first but outdated on: 
selenium yeast, pure selenomethionine and Za- 
felenomthionine comprising the second generation: 
hydroxy-selenomethionine. the hid generation. Limited 
predactivty of inorganic forms, complications in producing 
yeast products with constant selenomethionine levels, and 
instability (oxidation) of the pure sclenomethionine 
supplements paved the way for hydroxy selenomethicnine 
Products. They also questioned eligibility of mano selenium 
ss organic supplement along with chelated selenium products 
viz. glyeinates, proteimales and various amino acid 
‘emplexes, as these are not the methionine bound forms 
Other than application of selenium into ruminant dicts via 
‘mineral premixes. there have heen attempts to increase the 
selenium concentration of native forages using selenium 
hased fentlizers (Cun etal. 2015: Séhoussi et al. 2016). 
However, due to the narrow window between selenium 
toxicity and necessity. there are legislative restrictions, 
snd not all the countries allow the use of selenium 
fertilizers (Tremblay et al. 2015). In any case, learned 
decisions involving selenium supplementation in an 
optimal form and amount are vital in any livestock 
fenlerprise to prevent deficiency diseases along with 
toxicity and environmental pollution, 


Absorption and Metabolism 


Ia dairy cattle, metabolic fate of dietary selenium is 
‘complicated by the rumen physiology when compared to 
rhon-ruminants. Ths, rumen is the major determinant of the 
nutritional value of given selenium source, even though 
‘duodenum i dhe part involved with most of the absorption, 
Metabolic fate of ingested selenium from different dietary 
sources in dairy catle is shown in Fig. 2. Young ruminants 
absorb dictary selenium ith almost similar efficiency as 
rnon-ruminants (Freer 047; Salles etal. 2017), 

Ruminal metabolism of inorganic selenium involves the 
conversion of sclenate (firstly reduced to selenite) and 
Selenite to low molecular insoluble forms which are 
suppose not well utilized by animal and are excreted from 
the hody (Salles et al. 2017). Literature also showed synthesis 
‘of selenoamino acids (predominantly Se-cystene) in rumen 
from selenite, which are later incorporated into microbial 
Protein. Besides, some quantities of ingested selenate and 
fclenit also pass the rumen unchanged and are absorbed in 
lover part ofthe gastrointestinal tact by active and passive 
pathways, respectively. Ina trial with mid-lactation cows, 
Wei etal. 2019) found selenium apparent absorption of 49.5 
sand 59.74 with sodium selenite and hydroxy analogue of 
selenomethionine, respectively. Poor absoepion of inorganic 
Selenium could be alrbuted to the ruminal covironment 
where microorganisms reduced them to insoluble forms. 
Nivvifska and Andrzejewski 2017) unveiled that coating af 
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Fig 1: Maj commescialy avaiable selenium supplement 


RUMEN 
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Fg, 2: Metabolic ft of ingested selenium fom diferent diattry sources in iy cate 


inorganic selenium sources with rumen insoluble compounds 
‘could increase their availabilty, supposedly hy increasing 
thi incorporation into microbial protein instead of being 
rece to insoluble forms, 

Conversely. erganic forms packed with sclenoaming acids 
(mainly selenomethionine) encounter fewer alterations in 
rumen than inorganic xources. Selenomethionine and 
selenocysteine, upon reaching the small intestine, are 
absorbed following the routes similar to methionine and 
fysteine. A” higher proportion of selenium —ffom 
‘sclenomethionine i incorporated into microbial protein than 
selenite (Mainville etal. 2009). Weiss (2005) stated that 
{greater amounts of selenium as selenomiethionine escape the 
‘amen with selenium yeas feeding than selenite or selena. 
The increase uptake of selenium by ruminal microbes might 
the the reason behind improved bioavailability of selenium in 
small intestine of ruminants (Hal etal. 2012). Furthermore, 
in a comparison between selenium yeast and selenium 
fertilized forages. Séhoussi et al. (2016) reported higher 
selenium availabilty from forages and suggested higher 
digestibility of selenium fed with bioforified forages than 


selenium yeast although cattle intake of selenium was higher 
in forage diets. Nonetheless, in addition to the variable 
digestion of forages and yeast wall, they attributed these 
results to longer ruminal retention time of forages and beter 
‘elenium dispersion in the ration and rumen leading to beter 
Selenium accumulation into microbial protsins. 

Irrespective of the form absorbed (selenite, sclenate, Se-Met 
Se-Cysteine), selenium must be metabolically reduced 10 
inorganic selenide whichis then used inthe symhsi of Se- 
(CysicinesRNA. an active centre for various selenoenzymes 
(Suzuki and Ogra 2002: Surai 2006). Dizect insertion of 
absorbed Se-Cysteine is not posible as it doesn't possess 
ferrect RNA or selenoenzyme synthesis. Sa, it must he 
Feduced to selenide which would be used inthe Se-Cysteine- 
WRNA formation (Weiss 2005). Selenomethionine, after 
absorption, could enter “general methionine poo!’ thus, non- 
specifically incorporating into different body proteins 
providing a means of reversible sclenium reserves which can 
he later utilized as an endogenous selenium supply for 
symthesis of selenoenzymes (Schrauzer 2003: Burk and Hill 
2015), The selenium homeostasis in body is primarily achieved 
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boy the reserves of selenomethioninein kidney and liver. Before 
these reserves could be used in the bioeythess of specific 
selenoproteins, selenomethionine must be catabolized to Se- 
Cysteine tRNA for insertion into the active site of 
sclenoenzyme (Weiss and Hogan 2005). Metabolism of 
hhydroxy-selenomethicnine, a precursce of selenomethionne, 
isalso similar to that of selenamethionine (Suri etal. 2017, 

To puitbriefly, dietary intake of protein (quantity and quality) 
and its influence on microbial protein synthesis would impact 
themicrobial incorporation of diferent selenium sources inthe 
rumen. Also, inorganic selenium sourees are exclusively 
associated with the production of selencenzymes whereas fle 
of organic sources is split imo two pathways viz. specific 
Fraduction of selenoenzymes and non-specific incorpetion 
Into different body proteins containing methionineleysteine. I 
also highlights the build-up of greater body reserves of 
Selenium with organic supplementation which would be 
heficial to animal in times of stress or high demand (Gong 
and Xino 2018: Gong and Xiao 2021). 

“Apart from the body tissue reserves, diy cattle also depesit 
absorbed selenium into milk protein (casein) (Weiss and 
Hogan 2005), Itis generally agreed tht mineral status of dam 
is vital in determining the status in its offspring (Hostetler et 
al 2003), Hair selenium content could also be used as long 
term indicator of animal selenium stats (Weiss etal. 1990), 
(Other routes through which selenium leaves the body inelude 
feces, urine and exhalation. In ruminants, owing 10 their 
ruminal metabolism. major excretory pathway for dietary 
‘Selenium i feces instead of urine which is mgjor route in non 
‘ruminants. Endogenous losses such as intestinal sloughing 
along with secretions of bile, pancreas, plasma, and saliva 
should also be accounted in fecal excretion when estimating 
true absorption ofthe mineral (Cruickshank 2021), 

The presence of antagonists in the dietary maliew further 
‘complicates the circuitous route of selenium metabolism in 
‘ruminants. Many nutrient interactions involving vitamin E, 
sulphur, proteins, lipids, ascorbic acid and various 
‘microclements influence animal selenium requirements, 
‘Sulphate is es likely to hinder selenomethcmine absorption 
as compared to inorganic supplements (Weiss and Hogan 
2005), suggesting the plausibility that known antagonists of 
Selenium might not. treat the organic and inorganic 
Supplements as same. Additionally, some other minerals have 
also been reported interfering with selenium absorption viz. 
copper, calcium, arsenic and cobult (Goff 2018). Some 
intrinsic factors. present within certain feedstulls (oe 
soybean meal, millet, alfalfa) as well as the ratio between 
Cconcentrite and forages also affect selenium availability to 
‘ruminants. Diversity of microbial populations and variation 
ff the rumen fermenting environment with roughage and 
‘eancentrte dicts could be attributed to these manipulations 
{Spears 2008: Golf 2018), 

Dietary supplementation of selenium to animals always 
‘results in anet gain of the element in environment, Therefore, 
Caution should be taken to avoid disturbances in different 
agricultural produetion systems (Walker etal. 2010), 


Feed (nutrient) Digestibilities 


“Major health beneficial role of selenium is indehted 10 its 
antioxidant properties. Similarly, development and operation 
‘of rumen i greatly obligated to ite microbial efficiency. 
Research showed that it is possible to raise the antioxidant 
status of the euminal microbiome using Se which results ia 
imcreased microbial proliferation and rumen functioning 
(Arshad etal. 2021), 

Most of the literature strongly agreed that neither the 
inclusion rate nor the source of selenium aflected the feed 
intake in cows (Wang etal. 2009; Gang etal. 2014; Meyer et 
al, 2014; Juniper etal, 2019). Furthermore, there are reports 
of increased digestibilities of dry matter organic mutter, fiber 
(NDF and ADP), crude protein and crude ft with theaddtion 
‘of selenium in dairy cattle diets (Wang etal. 2009; Wei etl 
2019), Supplementary selenium also exhibited modifications 
in the euminal fermentation pattes viz. acceleration in the 
total volatile fatty acid production especially propionate, and 
increased consumption of ammenia N by microbes, thus, 
stiggesting improvement in the microbial fermentation rate in 
the rumen (Wang etal. 2009). On top. high proportions of 
propionate may potentially be instrumental in 
[gluconeogenesis in dairy cattle during post-partum period 
{Gong and Xiao 2021), thus improving nutrient metabolism 
and responding tothe challenge of negative energy balance 
[summary via enhanced activity of microbes or enzymes, 
supplementation of selenium either inorganic or organic 
‘contributes to the act of fermentation in rumen coinciding 
‘sth improved nutrient digestibilities which might reflect in 
beter growth or enbanced milk yeld in dry eal, 


Selenium Effects on Reproduction 


Animal body redox homeostasis is crucial to its metabolic 
health, especially for high producing cate during 
peviparturient period (Soeillo 2013; Zhang etal. 2021), and 
any disturbance in the antioxidant status may led to 
pathogenesis of different diseases. Selenium i eported to ad 
in curtailing systemic inflammation response (via 
‘downregulation of inflammatory phase proteins) as well asin 
the optimization of the lipid metabolism (via promotion of 
{lycogenesis) during and aller parturition in dsitycatle (Ren 
‘tal. 2020; Gang and Xiao 2021 

Supply of adequate selenium 10 dairy catle during. peri 
patturient period may enhance their reproductive 
Performance via better uerine halts, prevention of retained 
Placenta, and reduction in open days and number of services 
per conception (Wilde 2006: Silvestre etal. 2007; Machado 
ct al 2013), Pre-partum selenium supplementation is also 
ated to improve cow frit by avovding early embryonic 
deaths, whilst no effects om gestation length are reported, 
Selenium feeding pre-partum is also linked to improved 
progesterone levels n cows (Kamada 2017: Uli etal. 2019) 
‘wich might be a factor avoiding early embryonic losses. 
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Inadequate ce marginal selenium supply could result in low 
reproductive perfcemances in dairy calle i. higher incidences 
‘of uterine infections retained placenta, ovarian cyst, anestrus, 
sillbinh, abortion etc. In case of male cattle. selenium 
shortage or excess may affet spermatogenesis, resulting in 
poor semen quality and evea infertility (Ahsan etal 2014), 


Milk Biofortification with Selenium 
‘Supplementation and its Effect on Milk Yield and 
Composition 


In attempts regarding production of milk biofortiied with 
selenium, plenty of literature is available detailing. the 
superiority of organic selenium over inorganic form (Weiss 
and Hogan 2008; Wang etal. 2009: Calamari etal. 2010: 
Walker etal 2010; Meyer etal. 2014; Sehouss et al. 2016: 
‘Zhang etal. 2018). Data on bioactivity of erganic selenium 
Showed more elficien transfer of ingested selenium to milk 
attributable to its retention in milk protein 
(selenomethionine replacing methionine) via non-specific 
route. This inevitably amplify the importance of 
differentiating betwcen the selenium forms used and its 
dosige rate in the animal ration, In addition to selenium 
sources, physiological condition of cow is also vital to 
influence the milk Se levels (Burk et al. 2001), 

Literature also showed improvement in milk yield Juan 
alogio et al. 2012; Li etal. 2019) and modifications in milk 
components including fat, protein. lactose (Li etal. 2019: 
‘Zhang etal. 2020) when dairy catle were supplemented with 
dlfferent selenium sources. 

Selenium distribution among different milk components is 
also important. Data showed that selenium is abundantly 
lstributed in milk protein ie. 55-75% in casein, 17-38% in 
‘whey, and around 7 in fat (Van Dae etal. 1991). Research 
also showed that selenium supplementation has no or litle 
lfect on selenium distribution pattem in milk components 
(Muniz-Naveiro etal, 2005). Thus, it ean be deduced that 
‘removing fat fom the milk (skimmed mile) would have litle 
clfect on selenium concentration of milk, 


Deficiency and Toxicity 


Selenium deficiency is much dreaded geographically when 
compared with its toxicity (Khanal and Knight 2010) 
‘Generally dietary intake of selenium lower than 0.05 mg/kg 
DM in both humans and animals is perceived as insufficient 
In ruminants, severe selenium deficiency can trigger 
‘nutritional myopathies i... white muscle disease, primarily 
in young calves and seleniam-responsive i-thrifiness, In 
adult dairy cattle, itis very common to be inflicted with 
‘marginal selenium levels which predispose them to various 
maladies viz. enhanced oxidative susceptibility (reduced 
antioxidant capacity, poce response to oxidative stress), poor 
thyroid hormone regulation, inefficient feed utilization, 
impaired growth, impaired immune function, repreductive 
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disorders (esti ovaries, merits, inerilty early embryonic 
‘dealh, retained fetal membranes, high calf mesality. 
increased number of services per conception, low pregnancy 
rates), and compromised udder health (clinical and 
subclinical mastitis. higher milk somatic cll counts, reduced 
milk production). Itis ofthe essence that proper assessment 
at body selenium status be made via various indicators (milk 
blood, tissue selenium levels) before treating the animals to 
avoid toxicity (Silvestre et al. 2007; Sordillo 2013: Hendriks 
and Laven 2020; Ulla et al. 2020; Arshad eta. 2021), 
Although, selenium had a profound and lengthy history of 
toxicity, iis cecurence in curent livestock setup is 
luncommon by virtue of proper minagement practices. 
Nevertheless, liable to human error, faulty selenium 
supplementation culminating into excessive intakes. by 
animals can lead tothe toxieity syndrome (selenosis). Signs 
ff sclenosis may appear with prolonged ingestion of selenium 
ranging between 5 to 50 mg/kg DM (Kaneko et al 2008). 
National Research Council (2008) recognized 5 mg 
selenium feed (DM basis) asthe maximum tolerable level 
for ruminants, Factors affecting the selenium toxicity may 
include type of diet, animal sex and species, selenium form 
and supplementation duration (Arshad et al. 2021). Selenosis 
isalso known as “alkali disease” (chronic) or “blind staggers 
(acute) (Zarezynsia ct al. 2013). Selenium toxicity in 
livestock is characterized by lethargy. emaciation,lss of hair 
roughness of coat, aching and sloughing of hooves, stiffness 
and joint related lameness, atrophy of thehear, iver eirrhosis 
‘nemia and teratogenic eflects along with abortions/stilbzths 
(Schéne etal 2013). Apart from incerect supplementation, 
felenoris could be an outcome of ingesting “selenium 
accumulator plants’ viz. Astragalus, Atriplex. ln modern 
tlie. its very unusual for animals to develop selenosis. Quite 
‘eontraily. the bigger tasks geting enough 0 stay healthy and 
peeform optimally (Schone etal 2013) 


Conclusion 


Feeding dairy cattle with supplementary selenium (0.3-D5 
mg/kg DM) is undoubtedly valuable ensuring the optimum 
intake ofthis miro element by the animal especially during 
the peripartrient peri. A great deal of scientific data 
showed selenium to he an indispensable clement in dairy 
nutrition promoting the health stats of animal vz. improving 
gut health, regulating immune system, balancing thyroid 
hormones, contributing to disease resistance, boosting 
reproductive and productive performances. Mercover, the 
supplemental selenium potentially enhances the quality of 
final food product. Organic forms of selenium have been 
shown tobe superior in terms of wvailability and execution of 
selenium-dependent responses. Usage of selenium 
biofortfied forages in dairy diets has also been tried and 
proved beneficial but iis ted to the regional legislature. The 
fverall selenium body status, calculated via liferent 
indicators (milk, blood, tissue et), assist the nutritionists in 
maintaining a delicate balance between the dark side 
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Selenium Supplementation fo Lactating Calle 


(toxicity) and the bright side (productivity) ofthe selenium, 
‘The supra-nutritional doses of organic sclenium in dairy 
cattle dets could aid in dhe production of functional food. 
however, is long-term effects on the trichotomy of animal, 
‘human and their environment needs further research. 
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CRISPR CAS-9 Mediated Genome Editing and One Health Related 


Diseases 


INTRODUCTION 


‘One Health Concept 


The concepts of One Health hegan in the Inte 19! and 200" 
centuries, irstly as One Medicine then as One World and 
Finally as One Health (Als 2012) with the contributions of 
Rodulf Virchow, known as the “Pather of comparative 
‘medicine, cellular pathology and veterinary pathelogy” and 
Willian Oster, known as “Father of Moder Medicine”. The 
most commonly used definition suggested by the One 
Health Global Network is: “One Health recognizes that the 
heath of humans, animals and ecosystems are 
interconnected. It involves applying a coordinated, 
collaborative, multdiseplinary and cras-sectoral approach 
to address potential or existing risks atthe animal-human- 
ecosystems interface” (Mackenzie and Jeggo 2019) 


Significance of One Health 


‘The significance and impertance of one health have 
increased enormously aver the past three decades. It has 
‘heen observed for a long time thatthe majorities of novel 
and newly emerging infectious diseases were zoonotic and 
‘originated in animals, particularly wildlife. Such diseases 


re primarily linked to human interruption and activities 
related to ecosystems, land use, agriculture intensification, 
suburbunization,  industrilizatio, deforestation and 
international trade. These factors make one health highly 
important to make sure that the health of people, animals 
and the envitonment is safe, These are interconnected to 
‘make one health triad (Alas 2012) (Fig, 1). 

‘The one health concept is based on the early detection and 
timely diagnosis and treatment of emerging z0onotic 
diseases and their prevention and control. Many diseases 
have a significant social impact in poor, developing or 
underdeveloped counties. It also leads to antimicrobial 
resistance (AMR). because resistance develops as a result af 
misuse or under usage of antimicrobials which may develop 
in human beings, animals and the environment and transfer 
fom ane tothe other (Mackenzie and Jegg0 2019) 


Emerging and Endemic Zoonotic Diseases: 


Emerging and endemie zoonotic diseases have devastating 
‘emnaeyuences to human health in the pas and these damages 
are still peesent (Table 1). Many emerging infectious 
diseases fave emerged and spread worldwide like Ziks, 
hola, Congo fever, Swine fu, SARS and MERS, and then 
the COVID-19 pandemic. In recent years, it has been seen 
that several zoonotic diseases have emerged and spread in 
both animals and humans. Mere than 6-70% of human 
infectious diseases are zoonotic and have an animal origin 
Similarly, out of five newly emerging human diseases each 
Year three diseases have animal origi. In spite of the great 
‘deal of research, infectious diseases lke tick borne diseases, 
anthrax, TB, brucellosis, Corenavirus infection and rabies 
are sil deat to human health and welfare (Alas 2012). A 
larget hased research like target oriented genome editing 
(discussed in detail in the later parts ofthe chapter) is much 
needed to tackle the problem of diseases related to one 
health sper mentioned in Table 1 


Genome editing technique and One Health 


‘The development of genome editing technology inthe 
1970s marked the beginning of a new era for 
biology. Genome editing technology came in action from 
the mid-era ofthe 20" century. Bio-engincering technology 
inyalves Knockout, knock-in and replacement of specific 
scotion of genomic sequences resulting in controled and 
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desired alteration in a eukaryotic cell. It has revolutionized 
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thehuman way of perceiving things regarding welfare and 
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Bactsial Yersinia pests Roden Fleas Plague (Prentice and 
Agent allison 2007) 
Brucella sp. Goats nd sheep meningitis and endocarditis Brucellosis (Kasponi eta 
(nderenoked meat 201 
osuming unpasteurized 
fea diy products) 
Salmonella sp. Domesticated afand wild Fool or water contaminated Gastocuoriis diahes, (Ajmer and 
animals pouty, cate, by fees youd and entre fever Shabbir 2022) 
hogs rodents, sine acd 
CGurdia dualenalis Rodents cows, and sheep Dioct or iiet conte with Garis {sprog 2000) 
cataminsed water, fod, 
furfaces, objects 
Panssie Schistosoma mansoni, snail Drinking Contaminated water Schistnomianis (Geysces eta. 
‘Agent § bacitcbium, and entaiiag parasite exes 2008 
5. japonicum 
Toxoplasma gondii Cats ating undercooked TToxoplasisis ——_(Reaington etal 
contaminated mest, exposure 2001) 
ftom infected eat feces 
Tremates Cus dogs, foxes, pgs and Consumption of water and Trento (Keiser and 
reves food contaminated with Uiaiger 2005), 
trematodes in the aval 
stages. 
Ticks (Modid Tick) Cat, sheep and gots. Contact with infected eks or Crimean-Congo (Whitehouse 
‘nina blood Hemonhagic Fever 2004). 
Tiypanovom brucei Domestic cate Issey. Glossina sp. Tiypunosomiasis (Brunet al. 2010) 


survival (Gaj et al, 2016), 


Pronuclear micro-injection, 
developed in the 1080s, was the ome of the principal 
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technique exercised for genetically modified organisms 
(Gordon etal. 2020), The process includes the transter of 


foreign DNA into the nucleus of a fertilized egg which zygote microinjection for producing transgenic animals 


develops into a transgenic animal. The initial trial of 


Animal Health 


ONE MEALTH 


like pigs, sheep, and rabbits was carried out in 1085 


Fig. 1: The One Heath Thad 
‘ofipries of thee components 
Including human eal animal 
‘eal and ecosystem helt 
Ecosystem Health 


Fig. 2 Repair mechanisms of 
Gene “Eling Techniques 
including meganucleases, sine 
Finger (2) nucleases, wanseiption 
fcivuoc tke effectors mucleases 
(TALENS) and CRISPR-CHN9 


ae ‘yntem. 


(Navarro-Sema etal, 2020), Inthe late 1990s, Somatic Cell 
"Nuclear Transfer (SCNT) further modifies genome editing 
technique by facilitating the transfer of the nucleus from a 
somatic cell into the enucleated fertilized ege cell, The 
transfer results inthe production ofan organism genetically 
identical 1 the enucleate nucleus (Gouveia etal. 2020) 
DNA double stand breaks (DSBs) is considered the most 
fective way to do site specifi genome editing Four major 
‘lasses of DNA-binding proteins have been engineered 80 fa 
to achieve target site based genome esting which includes 
‘meganucleases, zine finger (ZF) nucleases, wanscrption 
activator lke effectors (TALE) and most recently the RNA- 
{Bulded DNA endonuclease Cas) from the type IL bacterial 
‘adaptive immune system CRISPR. These molecules are also 
refered as molecular scissors and follow mere or less the 
‘same type of mechanism of genome editing (Khalil 2020), 
Initially, these molecules identify the targeted sequence, bind 
‘with it and induce a DSB at that particular position where 


cditing is required (West and Gill 2016), Endanucleases g0 
either through non homologous end joining (NHES) or 
homology directed repair (HDR) mechanisms to restore DSB 
(Fig 2). Ninety percent of restoraten occurs through NHEJ 
hecause it cam perform its activity daring all phases of the 
cell cyele except inthe M phase. Without a repair template 
INHEJ undergoes linkages of disconnected ends straightvay 
resulting in inserion or deletion (indel) at the DSB. 
‘Whenever a matation occurs at that particular site and eauses 
knockouwin of gene and lossgain of function, itis error 
prone. While HDR, along with a repair template. will join 
Similar sequences Containing dsDNA breaks and result in 
targeted moulifications at the desired locus (Petersen etal 
2013), Puthermore, NHEJ is active during cell cycle (GI — 
5-G2IMD, whereas HDR pathway is only active during the S 
snd G2/M phases ($>G2/M) (Ranjha 2018) as mentioned in 
Table 2. 
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‘Table 2: Detivery Satis for CRIPR-CASD system, 
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‘The technique is hased on identifying target site, and then 
cutting it using endonucleases activity. The benefit of using 


Deivery mein Charatensien Ta Rene 
Delivery af CRISPRCCS wa pasnid Simplest and Cant eiocve wap. —Geater chances TG Tage Sea dus To (Chea el a 
“Delivery of Casd and RNA via looger expression te 2020) 


(Caso pas 


Delivery of CRISPR-Cas9 va mRNA 


DNA. 
“Transexpion not node 


“Gene ediing etfiiecy i higher -Coly as compare 19 DNA and mRNA, 
than that of DNA and RNA. 

“Lever chances off target effect Delivery via bacterial origin tein 
“de to ansient Cas) expression, 


‘wo plasmid or “tegration ‘of “Time consuming due to wanscription and 
SRNA expression onthe same tanalation, 


Conains the potential or 
mutagenesis 


insertional 


Faster snd easier than plas can only be used to express Cas9 for a (Humptey and 


short petiad of time due’ 10 mRNA Kasinsh 2015) 
Instability and suscepubilty to RNase 


“Short lived Cus9 expression so degeneration 
‘minimum chances of off target 


(Ling etal 
ict inunologic responses due” 10 2015) 


the Mepanucleases technique is its less toxicity towards 
cells because it is naturally present in eell. In contrast, 
drawback of this method is less or accurate interaction 
between meganucleas-protein and target DNA sequence 
specificity which lessens its use as genome editing 
technique (Zaslavskiy etal 2014), 


Zine Finger Nucleases (ZFNs) 


ZENs are not naturally occurring nucleases and can be 
‘generated by joining restriction endonucleases with ZF 
Protein providing a very specific target site cutting. This 
technique has the advantage over meganucleases as itis 
simple and specific (Ochiai and Yamamoto 2017), 
However, assembling zine finger domains to bind an 
cetended array of mucleotdes with high affinity has not 
proven easy. Despite improving this technique with 
advancements in research, ZFBs binding specificity with 


dlsired turgets remains a significant challenge (Ely et al 
2021. 

Transcription activator-like effector nucleases 
(TALEN) 


‘TALENs resemble ZFNs in terms of formation of DNA 
binding protein and endonucleases complex and mode of 
action. Instead of sing ZF. another DNA-binding protein 
domain called TAL effector is used bind with 
endonucleases (Hensel and Kurlehn 2019). TALENs are a 
little more specific because these can target even a single 
‘nucleotide unlike ZPNs where at least three mucleotides 
can be targeted (Chandrasegaran and Carroll 2016) 
However, the limitations of both technigues are almost the 


same, which ate mentioned above in ZFNs (uillerat etal 
2014), 

‘Clustered Regularly interspaced short palindromic 
repeats (CRISPR) 


‘The first hit of CRISPR manifestation was reported in 1987 
from a unique repeating DNA sequence found in Escherichia 
oli while staying phosphate metabolism genes. Clustered 

larly interspaced sheet palindromic repeats (CRISPRS) 
‘were identified in archaea in 1993, notably in Haloferax 
‘meaiterranei(Ishino etal. 2018). Tae CRISPRICas-system 
‘complex an ancient immune (acquired) system of some 
hucteria and archaea species actively protecting aginst 
hracteriophage DNA. The initial application of CRISPR on 
the mammalian genome was staried in 2013 (Cong et al 
2013). The short time line of CRISPR CAS9 development is 
shown in Fig. 3 (Khurshid etal. 2018), 


Structure of CRISPR-Cas9 system 


CCRISPR I made up © two RNAs; CRISPR RNA (cRNA) 
and acer RNA (tans-activating RNA). Both -crRNA 
(spacer + palindromic repeats) and tracrRNA are distinct 
‘entities. The GRNA gives Cas target specificity, but it 
‘eannoe attach to Casd diretly. These two postions (rRNA 
+ tracrRNA) ae joined by a linker to produce a single 
molecule known as singleguided RNA (sgRNA), which can 
he synthesized in the laboratory. sgRNA binds to the Cas 
protein, resulting in the creation of the Cas Comples. 
CCRISPR also contains spacer DNA, 26 to 72 bp short 
sequence segments, homologous to phage or plasmid DNA. 
Each spacer is separated trom another spacer through repeat 
sequences of similar size Qiang and Doudna 2015), 


Unique Scientific Publishers 


(Cas9 can be directed to break dsDNA at any location en the targeting component to protect the CRISPR domain from 
igenome specified by the guide RNA sequence and a attack. A S"NGG-3' PAM isa widely used sequence, 
Protospacer Adjacent Motif (PAM). The PAM isa critical 


Fig. 3: A beef timing of 
cRiseR technique 
evelopment 


Fig. 4 Schematic diagram of 
‘Sica Framework of 


on 
Sed bs Y Fig: Mechanism of 
ae actin 

noel - 

~~ a 


derived from Sireptococcus pyogenes (SpCas0) (Cong etal 


‘The immune response to CRISPR-Cas consists of three 
2013), Basic structural framework of CRISPR is shown in 


phases; adaptation, expression and interference as shown i 


Fig 4 Fig. 5. 
Adaptation phase: After detecting a discret, short patter 
How does CRISPR-Cas system work? PAM, a separate complex of Cas proteins attaches to a 


larget DNA. The adaptation complex insets the protospacer 
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DNA into the array after duplicating the repeat atthe Send 
fof the CRISPR array and converting it ta spacer 


[Expression phase: The pre-CRISPR RNA (pre-ctRNA) is 
Processed into mature GRNA, containing the spacer 
‘Sequence and pars ofthe Nanking repeats, 

Interference phase: A sequence of amino acids is 
inserted as a guide for identifying the protospacer in a virus 
or plasmid’ invading genome, cleaved and down regulated 
bya Cas nucleases (Lander etal. 2016), 


Delivery System for CRISPER Cas9 


In the type I CRISPR Cas system, the GRNA effector 
‘complex tsa single multi-domain proicin called Cas9. Casd 
signature gene alone is insufficient for categorizing it 3s a 
specific CRISPR gene hence Cast and Cas2 genes are used 
4s additional genes for type II system identification. Caso) 
‘equires two accessory nuclease domains to cleave the target 
DNA, HNH, and Ruv C-like, and each nuclease only 
cleaves one strand of target DNA (Krzysztof 2014}, 

CCRISPR CAS9 protein has a molecular weight of 160 kDa, 
and the loag phosphate backbone of the sgRNA provides a 
fnet negative charge to the complex when it forms a 
ibonucleopeotein (RNP) complex. which makes CRISPR 
delivery challenges Both the vehicle (CRISPR-Cas)) and the 
cargo (CAS nucleus and guide RNA) are involved in the 
(CRISPR-Cas9 delivery. Delivery can be performed via DNA, 
‘mRNA, or proteins as shown in Table 2 (nek eal. 2014). 


CRISPR Cas-9 and its application in One Health 
related zoonotic diseases 


CRISPR Cas system has huge umber of applications 
Ihecause it is simple to use and works in a precise manner. It 
thas multiple applications in diagnosing and treating of 
diseases including one health-related diseases. Some of 
those are discussed as follows: 


Bacterial Diseases: 
Anthrax 


Anthrax, caused by Bacillus anthracis (B. anthracis) is a 
lethal zoonotic disease with a very high mortality rate. B 
anthracis spreads by spores which have been recognized ss 
4 bioweapon (Sidva et al. 2020). Various studies have 
shown that CRIPR Cas’ technique can reduce this 
fryanism's virulence and pathogenicity (Ingleshy et al 
2002; Wang et al. 2021; Choate et a. 2021). 

1B. anthracis possesses two plasmids responsible for 
virulence including pXO1 and pXO2. The pXOl encodes 
anthrax toxin proteins: protective antigen (PA), the lethal 
fuctor (LF) and the edema factor (EF). The pXO? plasmid 
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‘encodes for the capsule. Researchers constructed a CRISPR 
‘stem consisting of scissors plasmids which deliver via a 
shuttle plasmid and target virulent toxin protein genes, A 
20nt long sequence guiding the Cas nuclease is used as 
Scissors to break the target DNA. The study hus shown that 
these two plasmids had a key role in virulence of 
‘anthracis, and the loss of say one plasmid due to CRISPR- 
(Cas system resulted in & great increase inthe elimination 
rate ofthe organism (Wang etal 2021), 

Anthrax toxin receptor 2 (ANTXR2) is a membrane 
Feceptor of B. anthracis. Ina study it has been seen that 
changes in the levels of expression of ANTXR2 were 
fobserved between human and non-human primes using 
CRISPR ctivation (CRISPRa). "The study's findings 
revealed a complex evolutionary relation between human 
‘nd non-human primates in ANTXR2 expression. In human 
immune cell, ANTXR2 was $-fold down-regulated 
compared to non-human primates, indicating regulatory 
changes early in the evolution of modern humans. This 
Study provided a model which showed the wadaptation of 
humans to anthrax disease. Along with other applications 
using the CRISPR-Cas system ean alsa help in ideniying 
the early ecological changes (Choate etal. 2021) 


Brucellosis 


Member of genus Brucella isthe causative agent of the 
Brucellosis. Most common species of Brucella is B. 
‘melitensis, and it mainly affects ruminants, causing 
Feproductive track-related conditions like abortions and 
infertility. In humans, it causes severe clinical conditions 
like arthritis, endocarditis, meningitis, inferilty and 
abortion in women. The treatment against brucellosie is 
usually not very effective, and currently no effective vaccine 
is available (Karponi et al. 2019), 

In a study, & miltenss infected ovine macrophages were 
used to simulate the host cell and pathogen's interaction in 
vitro. Lentivirus. vectors with CRISPR-Cas) system to 
target Brucella RNA pol A gene was transduced into the 
infected cell. By targeting the RNA pol A gene hacterial 
load per cell was reduced significantly (Karpeni et al. 2019) 
Xu etal (2022) have developed a system to detect diferent 
Brucella species in infected blood and milk using the 
CRISPRCas!2a system with recombinase polymerase 
amplification (RPA), This platform uses CRISPR-Casi 
RPA fluorescent biosensor and CRISPR-Cas124-RPA 
clectrochemical biosensor which could detect 2-3 copies of 
plasmid DNA and can help ia the early diagnosis or 
Altecton of brucellosis, 


Lyme Disease 


Lyme disease is a tick-borne infection caused by the 
bacterial spirachete Borrelia burgdorferi and is transmitted 
hy the bite of an Drodes genus tick (Bernard etal. 2019) 
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Whitesfooted mice are the main reservoir of the Borrelia 
hater that causes the disease. Its a zoonotic disease and 
‘an be transmit from mice to humans through the bites of 
black-legged ticks. If untreated, disease progression may 
lead to early arthritis, neurologic manifestations and cardiac 
inyolyement problems (Norris 2018) 

‘Gene editing progress in ticks has been slow, mainly hecause 
ticks coat their eggs in large amounts of wa. preventing the 
secessful injection of CRISPR components into embeyos at 
the correct developmental stage without destroying the exe 
(Sharma et al. 2022), Thereiore, instead of targeting the 
disease vector, researchers have used CRISPR to prevent 
tick-home disease by using CRISPR-hused geneme editing 
to heritably immunize the whitefooted mice responsible for 
infecting many different types of ick, Intraducing antibody 
encoding resistance alleles into the local mouse population 
‘vas anticipated to disrupt the disease transmission cycle for 
decades. To achieve this, enginecred mice were released in 
the natural population to breed with natural mouse 
populations. In this way. the of springs can be immunized 
‘without gene drive (Buchihal eta. 2019), 


Viral Diseaes 
Rabies 


Rabies is acute, progressive encephalitis caused by a 
Iyssavirus. These viruses are hulle-shape, single-stranded, 
nepative-sense RNA viruses. The reservoir hosts are known 
to be bats. Most mammalian species, including human 
beings, are susceptible to this disease. The virus transfers to 
the suscepible host via direct transmission through infected 
animal bites and transdermal inoculation of virus-laden 
saliva (Leéin etal. 2021), 

Currently rabies trcalments primarily focus an mass 
‘vaccination and post-exposure prophylaxis (PEP). However 
tools ike gene therapy or gene editing are needed to treat cr 
‘control rabies in the future, A CRISPR-Cas9 system in 
combination with (Induced pluripotent stem cells) iPSCs 
‘can make corrections in vitr in genes. Gene delivery tools 
‘an he used later to deliver the corrcted/eited genes tothe 
‘target organs. In the same way gene therapy bused on the 
CRISPR-Cas9 system in combination with the 
Microbomology-mediated end-joining method can also 
stopleliminate rabies virus in the infected cells (neurons). 
This technigue can also be used to tetlment rabies even 
after signs appear (Nelwan 2018), 


Coronavirus Disease 19 (COVID-19) 


Coranaviruses (SARS-CoV-2) belong to the Coronaviridae 
family in the Nidovitales order. The Respiratory system ix 
the primary target of SARS-CoV-2; however, it also can 
infect other organvsystems. Due to COVIDIY pandemic a 
large number of human causaliies occured. Ths disease is 


also zoonotic and known to be transmit fom bats (Yang 
etal. 2020), 

Scientists have developed a host-pathogen protein-protein 
interaction map for SARS-CoV-2 and other coranaviruses. 
‘This interaction ‘network identified hundreds of relevant 
proteins and then used high-throughput CRISPR gene 
‘knockout to functionally validate each of these. CRISPR has 
massively aceelerated both the search for novel drug targets 
for treating infectious diseases und the repurposing of 
‘existing drugs to trat emerging pathogens. Foe example, 
CRISPR knockout of @ key enzyme in the fatty acid 
metabolism pathway, fatty acid synthase (FASN). 
demonstrated its role in SARS-CoV-2 infection and 
replication and suggested existing mbibitors of FASN cou 
prevent infection (Gerdon etl. 2020) 


Human Papillomavirus (HPV) 


Human papillomavirus (HPV) is a small DNA virus known 
to cause cervical and other cancers. Researchers have 
identified the key gence of HPV responsible for 
mcogenesis; E6 and E7, leading to these genes being 
targeted with CRISPR as a potential therapeutic tool for 
HPV. For example. several studies have confirmed 
that targeting the ES and E? genes with CRISPR-Cas9 leads 
to decreased levels of the proteins, apoptosis of infected 
cell, and growth inhibition (Zhen and Li 2017). 

Pre-linical studies used stealth iposomies deliver 
CRISPR-Cas) ediung components to target the E gene in 
HPVI6 tumees in mice, The treatment effectively cleared the 
tumors without causing toxicity tothe liver oe splen of the 
mice. Positive results like these led to cinial trials of this 
therapy being tested in hurman patents Jubuir etal. 2021). 


Human Immunodeficiency Virus (HIV) 


Acquired immune Deficiency Syndrome (AIDS) is still a 
‘major global health problem. It is caused by Human 
Immunodeficiency Virus (HIV) infection and destroys host's 
immune system (Bowers et al. 2014). Due to the latent 
nature, it is challenging to eliminate this virus even after 
highly active antiretroviral therapy (HAART). To overcome 
this challenge, the CRIPR-Css9 rial has been initiated 
Which, up until now, are providing satisfactory results 
regarding HIV treatment (Xiao et al. 2019). Experiments 
have been conducted to target the HIV-I genome using the 
CRISPR-Cas9 guide RNA to target conserved sites in the 
LIR-US region, The results demonstrated inactivation of 
Viral gene expression and resction of virus replication in 
different HIV-t latently infected cell ines inching the T 
cell line, pro-menceytic cell line, and microglial cell line. It 
has also ‘been observed that genotoxicity. and off-target 
effects were very litle (Hu etal 2014; Lebhink etal. 2017) 
Recently, the employment of CRISPR-Cas9 and gRNA of 
Staphylococcus aureus in lentivial vector have been shown 
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to excise latent HIV-I provirus and. suppress proviral 
‘reactivation (Wang eal. 2008). 


West Nile Virus 


West Nile virus (WNV) is a member of the Flaviviridae 
family. Te isan enveloped single-stranded RNA. vtus. 
Mosquitos are mainly responsible for transmitting this 
pathogen to humans (Petersen etal. 2013). WNV causes a 
‘neurological infection which leads to massive neuronal cell 
death. Seven genes were found to be invalved in WNV- 
induced cell death. These genes, including EMC2, EMC3, 
SELIL, DERL2, "UBEG2, UBE2I1 and HRD! were 
idemitied using CRISPR-Cas9 based identification method. 
By discupting these genes protection against WN-induced 
cell death in three cell lines was conferred, Interestingly 
replication of WNV was not blocked even aftr knocking out 
fof these genes which proved that these genes were essential 
for the pathways involved host cell death (Ma eal 2015). 


rasitic Diseases 


Malaria is caused by a Plasmodium parasite and is 
transmitted by Anopheles gambiae mosquitoes. Several 
gene drive systems have been developed to contol 
‘mosquito -borne diseases using genome/gene-cdited 
‘mosquitoes, CRISPR system was also used to make the 
male gene dominant over the female one by editing. oF 
‘modifying the sex-determining gene. This modification was 
thea spread using a gene drive, which later helped to 
<liminate infected female monquitoes fom the population. Ie 
‘was observed that within 7-11 generations, the modified 
‘gene became 100% prevalent. egg production reduced 
‘gradually and the population totally collapsed within the 
laboratory environment (Hammond etal. 2016). 

Similarly, the researchers studied the inactivation of the 
fibrinogen-related protein 1 (PREP!) gene. CRISPR- 
FREPI knockout ‘mosquitoes exhibited a slower 
‘development in their pre adult life stage and were less likely 
to feed on blood meals, Those knock-out mosquitoes also 
laid fewer eges with less viailty (Dong etal 2018). 


‘Toxoplasmosis and Chagas Disease 


Temple gal witli pts ma i he 
<tiologicl agent of Toxoplxmoss. I is alo & zommoie 
Genet ond font esi a nan ro eyegtonle 
However. in nenboms,silden and immune: sores 
india» igus dea come proc tough 
frinmey infeed esctistn: Vel tunaniein, Sog 
{ranplantton, and ingesting of infected tase eat are 
‘mam transmission routes, Improperly cooker meta 
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contaminated food and water may have tissue cysts or 
bocysts, which can cause infection (Saadatnia and Golkar 
2012), 
Similarly, Chagas disease is also a vector borne disease 
‘caused by the parasite Trypanosoma eruci and the vector for 
this disease is reduviid hug. (Brun etal. 2010). Genome 
editing techniques were also employed for both of these 
parasitic pathogens. CRISPR-Cas) high-throughput analysis 
was used to simultaneously knock ouvknock down all 
nuclear protein-coding genes in Toxoplasma gondii (Nog 
etal 2015), To achieve tis guide RNA library constitutively 
‘expressing Cas9 was transected into parasites. CRISPR- 
339 was also used to silence the gene encoding GP72 
(responsible for flagellar attachment) of 7. eri (Lander et 
al. 2017), Similarly. in another study knockout of P21 gene 
‘of 7. cruci was performed using CRISPR-Cas9. As a result, 
loss of expression of P21 was observed, It has also. been 
‘observed that this process has a disect impact on the cell 
‘ele. It caused the cesstion of the cell eycle at the Gl 
phase which eventually slowed cll division and grow rate 
‘of epimastigotes (Teixeira etal. 2022). 


Conclusion 


Genome editing especially the CRISPR-Cas system has 
‘endless applications, Much work sil needs to be dane to 
climinate zoonotic diseases and diseases related 10 one 
health. CRISPR based diagnosis and treatments need time. 
Nowadays focus of CRISPR hased genome eng is on 
prevention and treatment of infectious diseases caused by 
bacteria and viruses of zoonotic importance. Safe effective 
and less offtarget elfects are desired in CRISPR-based 
therapies. The most important lesson learnt in the COVID 
19 pandemic, is to act proactively against zoonotic, newly 
‘emerging or re-emerging viral infections. However, due to 
higher mutability in viruses, conventional methods become 
less effective, hence focus should be diverted onthe 
techniques like CRISPR to combat these challenges. New 
drugs, vaccines diagnostic techniques and products should 
he developed using CRISPR technology to reduce the 
damages caused hy zoonoti infectious diseases, 
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INTRODUCTION 


Diseases caused by hacteral infections pose & major impact 
fon both fuman anc animal health and this threat is 
ccantinuously increasing by enhanced antibiotic resistance 
(Carly etal 2021). These bacterial infections may result in 
high rates of morbidity and morality. Hence, emphasizing 
the urgent nec to tect life threatening bacterial infections 
clfectively, Recent developments in antibacterial treatment 
have mainly focused on targeted and responsive approaches 
for anibiotis and antibiotic alternatives (Wu etal. 2021). 
Currently, new innovative approaches in nanomedicine 
Ihold promise for the treatment of hucterial infections, as 
the application of metal, metal oxide and polymeric 
‘nanoparticles dramatically promotes the therapeutic 
efficacy during infection (Baptista et al. 2018) as 
‘mentioned in Table | 

‘A nanoparticle that has been administered into the body is 
destined to face a highly complex environment that is 
‘naturally capable of identify and climinate foreign 
substances. For instance, the bloodstream contains various 
cellular and protein-based components, which may quickly 
impair the subscribed function of the nanoparticle (Haroon 
etal. 2022), 

Furthermore, destruction by the rtculoendothelial system 
is one of the significant obstacles that almost all platoems 
‘must overcome before a nanoparticle can reach is target 
(Caliskan etal. 2019), 

However, the difficulties associated with the application of 
symhictic nanoparticles divert the researcher's alention 


towards bioinspired nanotechnology which obtains ats 
‘design cues from nature Jang et al. 2019) 

Cell membrane coated nanoparticle based solutions are 
becoming increasingly popular in medical research, as 
they may offer significant benefits in terms of both 
efficacy and safety over current therapies and diagnostics 
(slam etal. 2018). 

Researchers are now working 1o exploit naturally-derived 
cell membranes as away to deliver minoparticles with 
fenhanced bio’ interference capabilities, rather than 
tempting 10 replicate these biocompatible functions via 
synthetic techniques. This top-down approach is simple 
versatile and has the potential to increase therapeutic 
clficacy as compared to existing nanocatriers significantly. 
Furthermore, introducing a natural membrane substrate ce 
the surface of the nanoparticles his allowed adlitional 
applications beyond those taditonally associated. with 
hano-medicine, Overall, there is sill a considerable slot 
for improvement and development of new costed nang 
moieties as researchers continue 10. improve existing 
workflows and discover new and exciting applications of 
this emerging nanotechnology (Fang. etal 2018) 
Uhimately. the goal is to create nanoparticles with surfaces 
that help them ignore everything bat their targets, which is 
extremely fficult Therefore, the addition of specific 
largeting mechanisms during the formulation of 
nanoparticles can improve efficacy by _ promoting 
preferential accumulation at the site of interest by reducing 
onspecific targeting (Panda et al. 2020). The cell 
‘membranes coated nanoparticles: 


Cell Membrane-coating Techniques 
‘Membrane Extrusion 


‘To produce a cell membrane-costed nanoparticle. the 
specific cell membrane must be coated over the 
nanoparticles core, The most frequently mentioned 
technique for cell membrane coating is membrane extusion. 
leis one of the primary cell membrane-coating techniques 
Biological membrane extrusion is performed so thatthe cell 
membranes and nanoparticles may move through 
membranes of various pore sizes concurrently, leading to 
the wrapping of the membranes over the nanoparticles, This 
method is beneficial; however, mechanical forces: may 
affect the structure ofthe membrane (Hu et al. 2011). 
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‘Table 1: Summary of ptcutil antibacterial nanoparticles aginst specie species of bacteria 


‘Nanoparticles Anubactral Mecans Chatterton Tugied SES Ta 
Inet nanopaicos Damage cell wall structure Tam Ecol ‘Bruna ta TET 
PEGhIated Liposomes Accumulate ‘Selectively Soll tissues 90-100.um —Stupinucoceus aureus Laverman eta 

infections 2001 
‘Supeparucyntve ton Oxide Accumulate Selestvely Soft dasues 3Snmu Staplyluscoceus aureus (Kim etal 2002) 


‘Nanopastiles(SPIONPs) infetions (unas) 
Cainie Peptide increase the load charge and. mass 


‘Nanoparticles densiies ofthe bactericidal 
components (Hetrostatic Interactions) 
olyearhonate-hased block Disintegration of cel membrane 


opolymer nanoparticles 


17756 am, Broad spectrum gram postive (Lu tal 2000) 
1s2e8um Bacteria MRSA, yeast and C. 

‘albicans 
o2um Broad spectrum gram positive (Nedeberg etl. 


Bacteria MRSA fungi 2011). 


Ultrasound 


Consistent and stable cell membrane-coated nanoparticles 
(CMCNPs) can be obtained by ultrasound technique. This 
technique also encourages the membrane and nanoparticles 
to naturally form a core shell structure with a litle loss of 
substantial material However, it may destroy” the 
‘nanoparticles (Copp et al. 2014). 


Electroporation 


In this technigue, nanoparticles and cell membrane vesicles 
are first mixed in the micrfluidie system withthe S and Y- 
Shaped channels. Then instantaneous pores are ereated on 
the vesicles by using electrical pulses at the exit of the 
channels and thus allowing nanoparticles to penetrate the 
vesicles (Rao etal. 2017), 


Co-incubation 


Another technigue involves coincubation of nanoparticles 
and live cells followed by the addition of serum-free media 
for secretion and peoction of exosomes. While wrapping 
the cell membrane over nanoparticles, it i vital to keep in 
‘mind that the nating process makes stable homogenous 
‘nanoparticles that do not interfere with the function of the 
‘nanoparticles or the cellular membrane (Silva etal. 2013), 


Improving the Approaches of Membrane Extraction 
and Coating 


Complete elimination of harmful intracellular proteins or 
organelles is necessary to obtain high purty and quality 
‘membranes: however. itis challenging to da so with the 
resent methods of membrane extraction and Wrapping over 
‘nanoparticles, which mainly include gradient centrifugation, 
sonication and mechanical extrusion, These might 
significantly restrict application: thus a new technique or 
technology must he created. For instance, microlluidic 
sonication and microfluidic viscoelastic flow technologies 
have demonstrated their unigue ability to sort extracellular 
vesicles of high purty according to their size. Additionally 


rapid and large -scale synthesis of functional membranes 
following standardized operation techniques is required 
adress clinical translational needs, Similar to. earlier 
research, curent technology cannot accompli it well. The 
development of good manuficturing practice (GMP) 
standards forthe clinical use of dendritic cells, stem cells 
snd cells fats aided in the production of high-quality’ cell 
rmembrane-couted nanoparticles (Gurunathan etal. 2021), 


Cell Membrane Protein Displaying Multifunctional 


Membrane proteins are vital in maintaining cell signaling 
adhesion and mediating the effectiveness of medication 
administration and targeting for bioinspired membrane- 
‘ced nanoparticles. However, the cell lysis eased by 
extrusion, sonication, and centrifugation operations may 
tdsrupt specific ertical proteins o membrane uniformity 
Functional proteins may assist in improving targeting 
capacity and enhancing treatment cflicacy. However. 
surface engineering or changing cell membrane is essential 
for better targeting the disease-related sites. Both chemical 
‘modification and gene synthesis are widely used techniques. 
but they frequently include unknown dangers or clinical 
‘pplication concerns. It makes sense to learn how to develop 
and maintain repeatable, affordable, and controllable 
quality. The development of improved and. effective 
iimmunotherapies, such as CAR-T cells and dendritic cell 
hsed vaccines, may provide us with a suggestion 
‘enhance or crete new modification approaches for mecting 
clinical eequitements (Zhang etal. 2021) 


Bioinspired Membrane Coated Nanoplatform for 
‘Treatment of Bacterial Infections 


Nanodecoy-immunotherapy 


Bacterial infection is becoming significant health concer 
for people worldwide and is intimately corclated with the 
host immune system. The bacteria are adapted 10 their host 
hy dodging the immune system which eontrihutes 10 
antibiotic resistance. Most hacteria initially attach to the 
cells and tissues of the host, increasing their infectious rate 
and facilitating immune evasion (Palmela etal. 2018) 


Unique Scientific Publishers 


Plasma Membrane Camoufiaged Nanoparlicles 


‘Therefore, exploiting the underlying mechanism of infection 
and coming up with new innovative ways to overcome it 
‘might aid in preventing fcterial infection 
NNanotherapeatics hased on cell membranes have recently 
demonstrated their unique benefits as anti-bacterial. One of 
the most serous infectious diseases, sepsis is brought on by 
hhacteria involving systemic inflammatory reactions. If 
ptients with sepsis are not given the right care, they may 
{develop organ dysfunctioning or failure. Recently. red blood 
fell membranes-coated cores were synthesized for 
‘dtowication purposes. These nanosponges can neutralize 
‘nacteral toxins and pesticides that may cause the death in 
‘humans as well as animals (Chen etal. 2019) 

‘These manasponges may also considerably detoxify 
staphylococcal alpha-toxin, particularly in toxin-challenged 
‘mouse models increasing survival rates. Furthermore, using 
‘of the nanosponges in methicilin-resistant Staphylococcus 
aureus infection showed therapeutic efficacy. The rd blood 
fell membrane-hased manosponges provide considerable 
survival benefits in MRSA-challenged mice model 
Furthermore, the red blood cell nanosponges reduce lung 
damage and inhibit nuclear factor kappa B acavation in the 
spleen in MRSA sub lethal dose mouse models, The findings 
showed that RBC-NS asa viable therapy for severe MRSA. 
infectious diseases, Funhermore, the RBC-NS reduced lung 
damage and inhibited nuclear factor kappa B activation in 
the spleen in MRSA sub lethal dose mouse models, 
Furthermore, immune cells (menocytes and macrophages) 
‘an capture or trap endotoxins by binding tothe membrane- 
inherited receptors or proteins of immune celle using the 
Tipoplysacchrides endotoxins which are released from lytic 
fr dead bacteria in the form of the palhogen-associsted 
‘molecular pater (PAMP) (David etal. 2020) 


Neutralization of Bacterial Toxins 


Pathogenic bacteria can produce toxins which cause lethal 
diseases, Endotosins and exotoxin, twa types of bacterial 
toxins are the main culprits behind estokine release brought 
fon by bacterial infections. Both types of toxins are 
destrictive and involved in several crucial pathogenic 
pathways. So, these must be neutralized to. disarm 
Microorganisms and direcly treat infection-elated 
symptoms (Rasko and Sperandio 2010), 

Toxins mst somehow interact with hiological membranes 
depending on the cell membrane function. Cell membrane 
fled nanoparticles may take advantage of high affinity 
receplors on several of these interactions to increase ther 
potency. The cell membrane-coated nanoparticles have been 
‘lasified om the bass of poisons against which they showed 
therapeutic efficacy Fang etal. 2015), 


Exotoxins 


Exotatins are chemically protein-hased poisons tha are so 
toxic that even a minute dosage may lead to organism death 


(Stevens et al. 2007). Gram-positive bacteria are 
predominantly responsible for secreting bacterial exotoxins 
‘Traditional detosification technigues lor exotoxins depend 
upon the specific binding of a single antigen with an 
antibody. These techniques require complete knowledge of 
the structure ofthe toxin and the kind of pathogenic bacteria 
presenting several difficulties for clinical application. By 
‘covering. the polymeric manoparticle cores with the red 
blood cell membrane, a biomimetic nanoformulation system 
known as mano sponge was intraduced to get over the 
therapeutic barriers (Huet a. 2013) 

‘The nanosponge was developed to prevent the hemolytic 
effect of the lethal toxin on erythrocytes, The ability of 
ranosponges to neutralize bacterial exotonins was observed 
in vivo, The injection of alpha-temolysin alone significantly 
injured mice skin and underlying muscular tissue: 
however. when the toxin was combined with nanoparticles 
the mice’s mutilation was estricted (Hu et al. 2013). 
According to natural cell membranes, a monoclonal 
‘antibody plasmid against wchemolysin was produced. by 
‘genetic engineering and then transfected into cells to form 
tn efficient antibody on the cellular membrane. ‘The 
fensosenitizer Meso-etraki. chromic was then enclosed 
inside these antibody membrane vesicles which were 
emoved from the antibody modified cell membranes. The 
[genetically produced ANVs were more effective in 
Capturing” exoloxins than passive harmful absorption 
through natural red blood cell membranes because of the 
SHrong interaction between the highly active antibodies and 
the toxin. When activated by ultrasound, the ulasonic 
sensitizer nanoparticle core may efficiently produce reactive 
oxygen species, facilitating antibodies in removing the toxin 
and eliminating microorganisms. Because of the extremely 
putticular interactions between monoclonal antibodies and 
the son sensosnitizer intinsic luminous feutures, these 
‘monoclonal antibodies assisted nanoparticles also) enabled 
accurate optical detection of MRSA infections (Pang etal 
2019), 

‘The ANVe-mediated antimicrobial sonication and anttoxin 
therapy were shown to entirely eradicate muscle abscesses 
in mice when used in combination, according to in vivo 
research (Guervant et al. 1999). The anttoxin treatment 
approaches do not target specific bacteria and prevent the 
hatural selection of antibiotics against drug-resistant 
bacteria. So, these ate a viable altemative to conventional 
antimicrobial therapy (Mellbye and Schuster 2011) 


Endotoxins 


Endotoxins also known as ipopolysaccharides (LPS) are 
‘components of gram-negative bacteria eell walls produced 
by the inner membrane upon death, division or after 
receiving antibiotic deugs (Shen etal 3019), Immune cells 
including neutrophils, dendritic cells, and macrophages can 
identify these endotoxins as pathogen-associated molecular 
patterns (Akira etal. 2001) 
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‘The systemic inflammatory response syndrome which 
includes sepsis, muti-cegan failure, shock and intravascular 
coagulation, can be rought on by the increasing activity of 
the mammalian immune system caused by 
lipopotysaccharides, (Yuk et al. 2021), Therefore, the 
‘important treating dsorders ix the efficient elimination of 
LPS. LPS can be trapped by macrophage membrane-coated 
‘nanoparticles which cin alsa suppress the immune response, 
Macrophage membrane TLR-1 and CD-4 receptors are 
linked to LPS binding and the release of downstream 
inflammatory components. Utilized the LPS-binding 
Fropertics of microphage membrane-coated PLGA, 
Ihaoparicles to reduce the level of pro-inflammatory 
factors (Thamphiwatana etal 2017), 


Vaccine-immunotherapy 


‘A crucial defense against bacterial illnesses is vaccination 
Due to the distinctive properties of nanoparticles and cell 
‘membranes certain cell membrane costed nanoparticle 
‘oriented yaceines have been investigated to prevent several 
lethal infections. Generally, nanoparticles are readily 
absorbed by cells enabling the antigen associated with 
nanoparticles to be rapidly ingested and processed: by 
fanigen-presenting cells. The antigen bridging on the 
‘nanoparticle surface perfectly miror the natural appearance 
land presentation of pathogenic antigens. Nanoparticles and 
plasma membranes can be made with various infectious 
pathogens to serve us vaccine delivery systems, 

Based on theit antimicrobial action these antimicrobial 
vaccines an be divided into bo primary categories: 


fanuhacterial vaccines and antitoxin vaccinations 
(Angsuntkul etal. 2018), 
Antibacterial Vaccines 
Inactivated bacteria, attenuated fcteria, bacterial 


‘component antigens. or inactivated bacterial toxins make up 
the majority of traditional antibacterial vaccinations. Each 
sear, these vaccines succesfully prevent millions of deaths 
‘worldwide (Plckin 2003) 

‘The live attenuated vaccines have high immunogenicity, but 
they also come with safety hazards, especially for people 
‘with impaired immune systems. Compared 10 this 
inactivated bacterium are less immunogenic than living 
hucteia, which means that they are less effective at 
producing the immune system's defence against infection 
Proteins and polysaccharides present in bacterial outer 
‘membrine vesicles hive the sime bacterial natural 
immunostimulatory effects (Gerrtzen et al. 2017), 

Some of these vesicles hive been used in clinical bacteria 
pthogen protection such as & meningococcal vaccination 
‘where it hs been shown ta boost the host immune response 
(Holst et al 2013). In particular, the outer membranes of 
hhacteria are promising antigen-derived materials because 
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they have enriched immunogenicity and distinctive adjuvant 
qualities that can activate innate immunity and trigger 
adaptive immune responses (Irene etal. 2019) 

‘The outer membranes of bacteria were gathered and costed 
‘onto gold nanoparticles to create an antibacterial vaccination 
(Gao and Zhang 2015). The study involved the extraction of 
E.coli outer membrane vesicles and their unique wrapping 
‘onto tiny gold nanoparticles of diameter 30 -50 nan. This i 
‘due tothe gold nanoparticles (AuNPs) distinctive size and 
form. which would be specifically tuned to increase the rate 
‘of a immune response. In adiion to their high stability, 
the subsequent subeutaneously administered acterial 
rmembrane-coated AuNPSs may quickly activate and mature 
dendritic cells in vivo. Additionally, the BM-AuNPs 
stimulate the increased production of IEN-p and I-17 in 
vivo but not IPN-g or IL-4, indicating that they can 
specifically target and induce Th! and Th17 preferred cell 
responses to destroy the pathogenic bacteria, The research 
demonstrated significant promise for antibacterial 
vaccinations by using bacterial outer “membranes 10 
surround synthetic inner cores. Similar to earlier research, 
hracteria-elated antigens integrated into cell membrane 
‘cated nanoparticles were uilized as & vaccine to prevent 
lethal infection by stimulating the immune system of the 
hody against pathogen-associated antigens. Recently, 
multiple cytolysins of proteins released by gram-negative 
hracteria attached to the macrophage membrane and were 
‘covered on PLGA nanoparticle de a multiantigen nanotoxoid 
‘wocine to strengthen the immunity against bacteria resistant 
tw antibiotics (Wei etal 2019). 


Antitoxin Vaccine 


Vaccines which are effective against toxins, are usually 
made from toxoids that hive undergone chemical and 
thermal treatment for safety reasons still these inactivation 
techniques can degrade proteins tertiary structure, reduce 
immunogenicity and alter antigenic epitopes (Qin and Sun 
2020), 

‘The characteristics of cell membrane casted nanoparticles 
such as antigen distribution ever membrane and toxin 
adsorption, are considered helpful in creating antitoxin 
vaccines. A new method for creating muliantigen vaccines 
utilized red blood cell-coated nanoparticles thal can absoeb 
toxins to generate high immunogenicity without adjuvants 
(Wei etal. 2017, 


Chemo-immunotherapy 


Antibiotics have been extensively developed and used in 
modern medicine, but still a big challenge of active 
targeting of antibacterial drugs particularly for bacterial 
infections. Antibiotics are frequently given systemically to 
‘ensure that they kill or at least inhibit the growth of 
harmful bacteria, however doing so increases the risk of 
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antibioic resistance and toxicity. The synthesis of 
CMCNPs that may actively target diseased 
‘microen vironments and pathogen may provide an efficient 
therapeutic approach against microbial infections in recent 
decades (Lobanovska and Pilla 2017) 

The bacteria has the tendency to aach themselves to the 
surface of platelets and then produce several virulent toxins 
that ultimately damage the platelets and increase the 
severity of acteral infection (Theodora ct al. 2018). One of 
these bacteria is MRSA, which potentially releases toxin 
leading 10 the aggression of platelet and inflammation 
‘making the pathogen to strong tobe cleared by the iumune 
system. Keeping the pathogenic mechanism in mind, 
scientists successfully developed platelet membrane-<oated 
therapeutics. The platelet membrane was shaved onto the 
‘nanoparticles loaded with vancomyein and administered 10 
target MRSA (Hu et al. 2015). Platelet membeane-coated 
‘nanocores evaluated to have greater binding power with 
MRSA thin the bare nanoparticles or red blood cell 
membrane-rapped nanoparticles. Mereover, vancomycis 
loaded platelet membrane costed nanoparticles showed more 
potent bacterial inhibition than bare vancomycin-loaded 
‘nanoparticles. Ulimately, the bio interfacing. antibacterial 
strategy enhance antibiotic potency (Yesi et al- 2022) 
‘Additionally, the bacteria interact with platelets, such as 
direct bridging with surface proteins or connecting with 
plasma molecules, among other mechanisms. For instance, 
by adhering to platelet membranes. MRSA can evade the 
immune system's clearance. Researchers discovered that 
‘vancomycin-loaded platelet membrane-coated nanopastcles 
(PNPs) showed a 12 times higher capability to bind with 
MRSA than bare nanoparticles. Ina mouse model of MRSA 
attack, this potent combination significantly inreased the 
bactericidal efficiency and was six- folds more effective 
than a free antibiotic (vancomycin) (Hu et al. 2015). 


‘Sono-immunotherapy 


‘Sono-immunotherapy may be a viable option for treating 
buctril infections. Antibotic-fee protocols may provide a 
Promising role in preventing and controlling. resistance 
inst bacterial infection through eradicating of pathogenic 
‘hactcria and pathogenic virulence. A bioinspired method 
vwas considered for combining anlibacterial sonodynamic 
therapy with the antvirulenee immunotherapy. The 
technique involved genetic engineering of the surface of 
plasma membrane nanovesicles via an antibody which aids 


in neuiraizing the toxin of methicilin- 
resistant Staphylococcus aureus (MRSA) through son 
sensitizer encapsulation, Compared with the old 


Conventional passive virulence absorption technique, the 
Ssonc-immunotherapy provides strong. junction between 
fanubody and alphatoxin enabling’ the manovesicles to 
sorb pathogenic virulence more effectively in the lab. The 
‘underlying principle is that, the sonosensitizers effectively 
produce reactive oxygen species to kill the pathogen and 


‘enhance the clearance of virulence. In vivo testing through 
optical imaging indicated that the antibody decorated 
Ianovesicles successfully targeted MRSA infection and 
accurately identified the foci frm sterile inflammation. So, 
these antibiotic decorated nanocaptures: may robustly fight 
against resistant bacterial infections (Pang etal 2019). Fig 
1 and Table 2 summarizes the iflerent therapeutic 
approaches of biomimetic nanoparticles for treating the 
bacterial infections 


Perspectives and Challenges 


‘The membrane components, including membrane 
polysaccharides, proteins and lipids have been moved to the 
Surface ofthe narioparticle, CMCNPs naturally possess the 
functions and characterises of derived cells, By taking 
advantage of interactions between pathogenic bacteria or the 
contaminated microcnvironment and the cell membrane 
feating, these CMCNPs can be employed for various 
therapeutic objectives, This approach is adaptable and 
permits the fusion of various nanoparticles and plasma 
‘membranes depending onthe therapeutic goal. Additionally, 
‘genetically modified plasma membranes of various cells can 
be employed to provide capabilities that donor cells lack 
(Ren etal. 2021), 

Using these methods as inspiration it will be possible 10 
‘express many antimicrobial components on cell membranes 
fat once t create a multifunctional ell membrane tit can 
treat bacterial infections. For example, antimicrobial 
Peptides might be genetically designed on cell membranes 
to kill bacteria. The pathogen recognition receptors might be 
‘expressed on plasma membranes to improve the capacity of 
the membranes 0 target specific pathogenic tera 
However, some bacterial species remuin in the host for a 
long time and have higher ability for attaching tothe host 
cells to maintain their growth and pathogenic activity 
leading to long-lasting and chronic infections. Extracting 
cell membranes from host cells via in vitro culture could 
‘decreas inflammatory reactions and provide more precisely 
targeted antimicrobial medication, Such hostderived cell 
membranes have lower immunogenicity and are better able 
to target pathogenic germs (Yu etal. 20 


Conclusion 


One of the major threats to hums life comes from bacterial 
infections, and traditional antimicrobial strategies such as 
‘vaccination, antibiotic resistance, and drag delivery are 
ineffective. Due tothe use of NPs and cell membranes, cell 
‘membrane coated nanoparticles (CMCNPs) have a distinct 
advantage in treating of bacterial infections. It is anticipated 
that CMCNPs would be developed into a very effective 
antibacterial and antitoxin vaccine, I can give more targeted 
delivery of antibacterial medications and efficiently 
<liminate the bacterial toxins. CMCNPS can offer anew 


Unique Scientific Publishers 


‘One Health Wad 


‘Table 2 Cell nembrane coated nanoparticles usd fr dhe etme of hace infections 
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Fig. ts Antacteral therapeutic 
sieges of cell membrane 
‘hued nanoparticles 
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approach to successfully reduce bacterial drug resistance 
‘when combined with photodynamic and sonodynamic 
therapy, Even though a large portion of dhe researc is still 
in the laboratory, future developments in this area are 
anticipated to heneit human health, 
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INTRODUCTION 


‘A complex fux of microhes colonizes our gastrointestinal 
‘wact (GIT) from the day we are born. The balance of the 
symbiotic relationship between the intestinal epithelium and 
the bacterial, fungal, and parasitic microfloca is pivotal for 
{good health at any point im the life, Oral contamination of 
food particles, aided hy beoacho mucociliary transportation, 
iscigested and sterilized inthe stomachs acidic environment 
Incurson, beyond this stage is dependent on stomach pH and 
microbes! capability to transit as resilient spores or stay 
Concealed in mucus membranes. Passage through the small 
intestine causes a lumen mulilieation of wround 10 bacteria 
per milliliter reaching the coon, winere aqueous resorption 
Tises the concentration to 10" bacteria per gram of fecal 
matter. Because of the luminal gop between the mucosal 
‘oxygenic vessels, the microenvironment favors a thousand to 
ten thousand fold for most of the anaerobes (Novogrudsky 
and Plaut 2003). 

Clostridium and Bacteroides-Prevotela account for roughly 
99% ofall anaerobic bacteria found in the colon (Mai and 
Morris 2004). Throughout all ages, gut homeostasis relies 
‘ypon non-motile and enterocstic’ hacterial_ interaction, 
involving cellular adhesion and immunological regulation. 
The term "colonization resistance” is often used to describe 
this defensive condition of the natural intestinal ecology 
(Britton and Young 2014; Murray etal. 2020). Pathogens 
sucht as Clostridium (C.) botulinum. C. perfringens and C. 


tetuni produce potent toxins that cause devastating human 
diseases, including food poisoning. gas gangrene, and 
tetanus (Kha etal, 2021), Cdifcie is a prominent enteric 
pathogen that causes colitis and toxin-mediated diarthoea 
Known as C. diffele-associated diarshoes (CDAD) of C. 
uificile infection (CDI). CDL has traditionally been regarded 
fas a hospital-assocated disease (Feuerstadt et al. 2023) 
Even though the earliest outbreaks of C.difiile-associated 
larthoea Were linked to clindamycin usage. it wasn't until 
the advent and extensive utilization of broad-spectrum 3 
‘generation cephalosporins. a class of antibiotic to which C: 
Uificile is innately resistant (Slimings and Riley 2014), 
Pulsei-ficld gel electrophoresis type NAPL/ restriction 
‘endonuclease analysis group BUCK ribotype (RT) 027, a 
ypervirulent” —fluoroquinolone-resstant strain of C. 
dificil, was identified as being North American in origin 
based on the typing method (He et al. 2013), causing a sharp 
‘old rise in CDI prevalence in Canada and a tripling of 
fatality rates. The global prevalence of CDI keeps rising in 
several high income per capita nations (Slimings etal. 2014: 
Lessa et al. 2013). 

Furthermore, a ‘novel’ characteristic of CDI has emerged. 
Formerly infrequent community-associated CDI (CA-CDD) 
described as symptoms beginning in the public and no prior 
hospitalization in the poseding twelve weeks or symptom 
‘onset within 48 hours of hospitalization, has surfaced as a 
‘Significant percentage of all CDI infections. In the United 
States, CA-CDI accounts for 41% of all CDI incidence, a 4- 
fold rise over the last two decades (Khanna tal, 2012). For 
instance. in 2011, CA accounted for one-third ofall the CDI 
‘eases in Australia (Slimings et al. 2014), with arising number 
of instances overtime, from approximately 12% in 2010 to 
27'e in 2014 (Worth et al. 2016). Interestingly, CA-CDL 
‘eases often lack the usual CDI risk factors. They are 
predominantly young, female, and healthy, with no prior 
Interactions with healthcare facilities “or hospitalized 
individuals and frequently with no record of antibiotic usage 
(Kuntz etal 2011) C difiile prefers to thrive in the GIT of 
‘mammals including humans and animals) The bacteria most 
likely colonize the GIT of all neonate animals, multiply, and 
are excreted to begin the cycle again by infecting another 
newborn. As the young One grows older and begins to take a 
_growmup dit, multiple microbes colonized the GIT and the 
predominance of C:difiile declines as other species eutdo 
11 (Moono et a. 2016). The use of antibiotics. particularly 
those that have an action against commensal gut flora, 
develops an environment that imitates the GIT of infants 
Which favors C. dificile proliferation. Since the 1960s 
Sntbiotcs have heen administered and used in meat. 
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producing animals as growth promoters (AGPS) and as a 
dubious disease prevention tool. (Ronquillo and Hemandez 
2017) and consequently, food animals become a significant 
reservoir and a host for amplification for C.dficile (Diaz et 
al, 2018: Knight and Riley 2019), After 2010, a sharp 
increase in C. difficile “contaminates food ‘and the 
ccoviranment (Diaz et al. 2018; Knight and Riley 2019), 
Recent developments in WGS technology have revealed that 
‘most C: fice strains found in humans. animals, food, and 
the environment are genetically similar_and in cera 
instances, identical. This raises the possibility of zoonotic 
‘ransission between people and animals using eontaminated 
food and the environment as a route (Knight et al, 2017 
Janezie etal 2018). 


Virulence Factors and Toxico-Kineties of C. difficile 


‘There are many virulence factors of C. dfiile suchas its 
potent toxins, surface-layer protein, spores, and adherence 
‘The two main enterotoxins of C. dificil’, tedA and tedB 
(Rupnik et al. 2009), are responsible for its virulence. 
described by the breakdown of the enterocytic actin 
skeleton caused by the Rho-metabolic process, Toxins 
land B are prototypical members of the large clostridial 
eytotoxins (LCT) family and bind to an unidentified 
receptor on the intestinal mucosa via the carboxy-terminal 
fend, This essential adherence might be dependent on 
Capsular and cell-wall components like S-layer adhesions 
(P36 and P47) or other immunostimulatory fMagellar or 
fibronectin-binding proteins that have been postulated 
(Pechine t al. 2007). Through the relocation ofthe center 
region, the toxin amino terminal is subjected to internal 
‘slucosylation of the Rho proteins required fr epithelial cell 
eytoskeleton formation (Janoir 2016). This causes actin 
filaments to depolymerize, resulting in the loss of theit 
interior structure, rounding of cells, and breakage of 
aadherent’s junctions that keep cells intact. The 
Inflammatory response and mucosal epithelium loss aided 
the deterioration of brush border membranes and the villus 
faceelerates the epithelium’s malfunctioning. The 
main fibrin layers arrange to cover tleeraton, which stands 
‘out on inflamed necrosis debris, creating a kaob-like 
coalescent pseudomembrane calitis (PMC) visible by 
endoscopy. Although strains that produce only toxin tcdB 
and lack a functioning toxin tedA gene can occasionally 
induce toxin-mediated diarrhea. However, most clinical 
isolates contain both toxin A and toxin B genes, leading to 
synergistic pathological characteristics (Rupnik 2006) 
Additionally, certain C. dificle strains synthesize a third 
‘ype of toxin located chremesomally. known asa binary toxin 
(CDT), This toxin isan actin-specific  ADP- 
ribosyltransferase with a high degree of structural and 
fmetional similarity with dhe toxin from C. perfringens. 
Thole thats positive for toxins A and B also produced CDT 
(6-30 % of strains) (Rupaik etal. 2009), 
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Colonization of Pathogen and Associated Diarthoea 


Amtibiotic medication often alters the natural gut microbes, 
‘wich isthe major risk factor for contracting infections with 
C difficile and C. dificite-associated diarthea (CDAD). 
Various experimental animal models have shown the 
involvement of antibiotics therapy in dismantling 
colonization resistance and CDAD. whereby following the 
inoculation of normal fecal flora transiently eliminates C. 
dificile and symptoms. ‘Tae relevance of colonization 
Fesistance repair if supported by both in vitro inhibition of 
difficile growah while subjected 1 feeal emulsions from 
healthy individuals and in vivo, the use of curative 
nasogastric replenishment of normal intestinal flora in 
human CDAD (Aas etal. 2003). Asymptomatic 
transmission of C. difficile in healthy individuals in the 
‘community is very rae (1-15, raising concerns about the 
fendogenous origin of C. difficile in CDAD. However, 
feurent findings have shown that ia more than S0% of 
healthy individuals, a toxin tedB is present (lizuka et al 
201M). This suggests that C. difficile population is present 
in ess proportion rather than nonexistent in healthy 
imtestinal microflora. On the contrary. the environment 
‘could potentially serve as a constant source of infection that 
is amplified by factors, for instance, medical wards that are 
highly contaminated. C. dificile carriage, either 
intermittent or persistent, tends to lead to CDAD. This is 
‘common whenever patients are hospitalized since 15-21% 
‘of individuals are colonized with C. difficile colonization 
tnd antibiotic therapy stimulates the beginning of CDAD 
(Kyne et al. 2000). C.dificile is spread via infected persons, 
ambient objects, and medical care staffs hands. While 
asymptomatic carters woa't experience diarthea (Bobulsky 
tal 2008) and they wil help the spores spread throughout 
the environment (Riggs et al. 2007). Although the 
colonization of C difficile is the primary isk facto, which 
is often acquired alter hospitalization, there ae many other 
significant associated risk fuctors, which are highlighted in 
the diagram (Fig. 1). The use of antibiotics 1s the most 
significant risk factor and practically all antibiotics 
‘currently available on the market have been associated with 
‘CDAD (Johnston etal. 2012) 

Cephalosporin, Clindamycin, and Ampicillin are the most 
frequently mentioned drugs accounting for almost 90% of all 
precipitating antibiotics in CDAD (Leffler and Lamoat 
2015). Unsurprisingly, a prolonged antibiotic regimen or 
Tultiple antibiotic usages raises the chance of CDAD. 
Antibiotics with minimal risk, such as. tetracylines, 
rifampicin, aminoglycosides, trimethoprim and the older 
‘generation of quinolones, have litle effect on the normal 
inhabitant anaerobes and are rarely the reason for CDAD. 
Since the advent of newer generations of quinolones clase 
with enhanced anaerobic activity there is an increased risk of 
CDAD after using moxifloxacin, gatifloxacin (Gaynes et al 
200) and levofloxacin (Khurana etal 2004). Tiss further 
shown by dhe widespread outbreaks inthe United States and 
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Canada (Loo et al, 2005) caused by increased 
fluoreguinolone prescription. Effective strategies such as 
limiting the wsage of cephalosporins lower the prevalence of 
CDAD. In older people ages sixty to ninety, the Fisk of 
CDAD increases ten times, as well as elher known risks of 
the host, such as compromised immunity and decreased 
levels of antibodies against toxin tc¥A and tod, might 
further complicate matters (Leffler and Lament 2015} 
Purthermore, concurrent disease that involves regular 
hospitalization or an extended stay inthe hospital, including 
‘many precipitating therapies, such as antineoplastic! chemo 
therapy and endotracheal feeding tubes, will result in 
persistent CDAD (Hung et al. 2013). Using newer proton 
pump inhibitors (PPD) or laxatives has bees linked to an 
Increased risk of CDAD to some extent (Dial etal 2004). It 
thas been suggested that dietary risk factors for CDAD include 
starvation alter surgery of a diet lacking in non-essential 
amino acids like proline and cystine. However, these 
‘conditions must be thoroughly investigated in actual clinical 
settings (Johnston etal, 2012). 


Clinical Manifestation of CDAD 


CDAD is wiggered by alteration inthe intestinal flora, a 
high proportion of toxin-producing C. difficile, nutritional 
imbalance, a compromised host immune system and other 
‘variables that regulate toxin release. The interaction ofthese 
factors influences the onset of diab, which is commonly 
defined as a minimum of three loose faeces! day and 
represents self-limiting sickness, CDI's clinical 
‘manifestations are quite diverse and may vary from the 
asymptomatic carrier status, mild to severe diarthoea, to a 
life-threatening condition, fulminant colitis. The incubation 
period is not well defined and some publications imply that 
{lasts for two to three days, The most recent research has 
shown that it may last much prolonged than that nd varies 


fiom person to person (McDonald et al. 2018). CDI may 
‘damage any section ofthe colon, but itis typically seen in 
the proximal portion. The majority of patients infected 
wth CDI have moderate diarrhea and recaver on their own 
alter week of antibiotic withdrawal. Diaries develops in 
the majority of eases either during or immediately post- 
antibiotic medication, while CDI may develop days later 
Along with watery diarrhea, CDI's clinical manifestations 
include pyrexia, nausea, vomiting, fatigue, and anorexia, 
Despite the rarity of actual bleeding, stool testing for blood 
are Trequently postive (McDonald etal. 2018). The signs 
and symptoms of extreme clinical manifestation of CD1 are 
all potentially fatal such as severe dehydration, abdominal 
distention, hypo-albuminemia with edema and eventually 
vascular shock. Extremely sick individuals may seem to be 
improving clinically hy resolving diarrhoea: however, this 
is typically a symptom of ileus with the appearance of toxic 
megacolon. Aside from the signs mentioned before, other 
serious CDI adverse effects include paralysis of the 
intestine, colonic perforations. renal failure, systemic 
inflammatory response syndrome (SIRS). septicemia, and 
ultimately death (MeDonald et al. 2018). Despite life- 
saving surgical treatment, oral medication has less impact 
a this point, andthe death rate has inereased to 25-40%. 
‘Ouiside the coloa, the clinical manifestation of CDI are 
uncommon and olen include small intestine invasion, 
reactive arthritis, and bacteremia. Because severe 
concurrent illnesses might complicate the assessments, 
‘en be challenging to estimate the mortality rate m CDAD 
(Dendukuri etal. 2005) 

Mortality related to CDI complications is about 15-25% 
and may reach up to 34% in crtial eare units (CCU): while 
fn the ether hand mortality rate uiretly linked with CDI is 
‘estimated to be 5%. When comparing CCU patients with 
and without CDI, meetality rates increase twofold (Sidler 
ct al 2014: Czepiel et al. 2015). The poor prognosis is 
linked to old age, high leukoeytosis, bypo-albuminemia, 
and clevated levels of creatinine (Vaishnavi 2010). 
Moreover. it has been demonstrated that the first CDI 
clinical episode raises the overall probability of fatality. 
Reoccurrence of signs and symptoms of CDE usually 
appears within the first weck flossing the inital infection, 
aller therapy is completed. Following successful antibiotic 
therapy of the inital CDI illness, atleast one subsequent 
recurrent disease happens in 10-25% of patients and also 
joceurs in more than 65% of affected patients who have 
undergone more than one recurrence of CDI (McFarland et 
al 1999), According to data, 50% of recurring infections 
are caused by relapsing of the primary stain, while the 
remaining $0% are caused by reainiection with other 
strains, Recurrences are considered to be caused by a 
‘compromised hos immune system to A and B toxins, 
long with exposure to spores. Drug resistance seems to 
have litle effect on the likelihood of recurtence (Vaishnavi 
2010: Moore 2018), 
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Diagnosis 


Whenever diarhea symptoms appear (loose faeces more 
than three times! day), CDI must he considered 
immediately. CDI is diagnosed by detecting C. difficile 
toxins (tedA, tedB) directly from a faccal sample. most 
often using an enzyme immunoassay (ELA) that offers a 
«quik turnaround (less than 2 hours) witha sensitivity of 75- 
5% and specificity of almost 95-100%. Its one ofthe most 
‘widely used assay used in laboratory settings because i is 
less expensive and easy to use. Antigenic tests for 
diagnosing C. difcile is found mainly on detecting 
‘lutamate dehydrogenase (GDH). They are distinguished by 
their convenience of use, quick response time, and high 
specificity of about 100%. The only drawback is the low 
specificity (59%) It fails to differentiate between the stain’ 
toxigenicty and non-toxicity (Bartlett 2010; Simor 2010}. In 
2009 nucleic acid amplification test (NAAT) was 
introduced. These tests use the amplification of nucleic acid 
hhased om either PCR technique or isothermal amplification. 
Compared to ELA, NAAT has higher sensitivity and 
specificity.in case of a negative result, the specificity 
increases significantly and reaches 95% (Su et al. 2013: 
MeDonald et al. 2018). The NAAT also has certain 
disadvantages, including. significant expense and resull 
in interpretation challenges. The expression of a toxin- 
encoding gene is confirmed by PCR, which also verifies the 
existence of toxigenic strain of C.difcile. However. this 
doesn't certainly imply that the strain is curently 
synthesizing any toxins. If the diarrhoea is caused by 
anything els, detecting this strain would be deceptive since 
it results in additional medication for CDI Cytotoxic assay 
tests (CYTA) are not often employed in microbial 
cultivation because these are labors and time-consuming 
‘with response time of 48 to 72 hours (Leffler and Lamont 
2015). The European Society of Clinical Microbiology and 
Infectious Diseases (ESCMID) recommends 0 test is 
aviilable solely for the confirmation of CDL Combining 
‘wo assays in an algorithmic approach isthe mos eflective 
technique forthe optimization of CDI diagnosis. The initial 
test needs to be one with a higher negative predictive 
accuracy (NAAT or GDH) and the following test should 
hhave a higher postive predictive value (EIA). If the intial 
test resll is negative, CDI i ruled out, EIAs should be 
‘arred out ifthe results are positive. CDI is confirmed when 
the subsequent test results are positive (McDonald et al 
2018), Fig. 2 illustrates the schematic low sheet for CDI 
diagnosis, 

But ifthe second test comes oat negative, the situation must 
he reviewed clinically. This may be seen in 3 seenaros: (1) 
low level of toxin (below the threshold limit). remains 
‘undetected, (2) false-negative result of ELA (3) carrier of C 
dificile. Retesting is necessary for samples showing a 
‘negative result for GDH but positive for toxin since a's an 
inyalid result (Crobacs et al. 2016) 


‘One Health Wed 


CDI in Animals Interface a Potential One-Health 
Threat 


‘One Health is collaborative approach emphasizing that our 
health and well-heing ae inextricably linked to animal heals 
and the environment. A key aspect of the One Health 
initiative. generally and especially. for CDI prevention, 
‘expanded the collaboration between doctors, veterinarians 
farmers, and legislators to improve surveillance and 
‘monitoring. research, and establish integrated national 
policies. Fer along time, doctors and vets used non-ivergent 
approaches to treat CDI (Gerding et al. 2008) Public health 
‘workers sill consider CDI to be solely & hospital-tcquired 
problem and are usually ignorant of the frequency of toxin- 
producing C. difficile in our environment, its One Health 
timplications, sich asthe Fat that C.ifclereated death in 
newborn pigs may exceed SOS, with huge economic 
ramifications for industries. (Songer and Uzal 005). Despite 
previously thought to be a hospital-acquired illness spread 
from One infected individual to another, Eyre et al. 2013) 
femiducted a study investigate the intrinsic genetic 
cpidemiology of CDL The researchers employed highly 
sophisticated techniques like WGS. and core-genome single 
nucleotide variant (egSNV) analysis. They analyzed C. 
dificle isolates from 957 hospital and community-based 
‘CDI patients that have been gathered during 2008 and 2011 
fom UK and discovered that just 35% of isolates were 
‘genomically connected to at least one prior case while 45% 
of isolates were genomically unique from all preceding cases. 
‘About 126 out of 333 isolates with an indication of clonal 
transmission had frequent hospital interaction with some 
ther patient, and "120 isolates had na conceivable 
epidemiologic relationship with another patient inthe 
healthcare setting ce the community. It was proposed tha, in 
‘emtrast to infected patients, other environmental reservoirs 
potentially have & significant unreported involvement in C. 
Uifcle dissemination. 

‘According to recent investigations by Sheth tal (2019) and 
Halstead etl. (2019), compelling evidence for asymptomatic 
Patients have an importint role in CDI transmission in 
healthcare facilities. In these investigations, asymptomatic 
individuals were tested for C.dificile upon hospitalization, 
tnd the resultant isolates were subsequently subjected to 
WS and contrasted with isolates from symptomatic CDI 
individuals using other avilable techniques like MLVA ot 
‘egSNV analysis. About 10-15% of those tested subjects were 
asymptomatic C.dificle carers, with >80% colonized by 
‘oxin-producing strains that can cause illness. These 
investigations provided evidence for the hypothesis that 
asymplomatic ‘cariers were spreading C- dificile ta 
‘vulnerable hospitalized patients by transferring the infection 
from asymptomatically infected persons to patients that are 
previously negative for C. dificile and by grouping 
asymptomatic individuals with symptomatic CDI patients 
Likewise, further different research by Gonzalez-Orta and 
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Fig, 2: Flow shoot fr the diagnosis of CDL 


associates in the USA demonststed that nearly 25% of 
hhospital-rlated CDI cases were diagnosed with strains that 
the patients had already been colonized at the time of 
hospitalization (enson et al. 2019). This implies that there 
‘weren't healthcare facility cases and CDI acquired in the 
community, withthe illness only after hospitalization. With 
the continuing impectation of C. difficile strains into the 
‘althcare setting through asymptomatic carers, community 
sourcesreservoirs may be having a significantly larger role 
inthe transmission of CDI thin previously assumed, and the 
frequency of CA-CDI may have been substantially 
misrepresented undemeath the established categorization 
rules. Up tillnow, C. difficile is isolated from a wide range of 
reservoirs/sources such 3s human-animal (Food animals, 
seafood, and meat) and envirenment (natural and household 
environment) interface (Knight and Riley 2019). The 
environment (satural and household) and consumable 
foodstuff (retail food and food animals) ae all significant C. 
dificle reservoirs. The infection rates in the newborn are 
typically high, up to 70% in piglets, and vary between 15- 
20% in calves A higher prevalence (42%) of C:dificile was 
‘reported in the United States (DePestel and Aronoff 2013), 
(On the ether hand, findings from a European study. point 
‘uta far lesser umber (only 3%). maybe because of different 
slaughtering management practices (Candel-Perez. ct al 
2019). C. difcle is also often found in natural settings 
including water and soil where its incidence ranges from 
30 to 50S. In these investigations, the most prevalent stain 
was C. difficile RT O14 belongs to MLST cluster 1 (ST2, 
‘STI3, and ST49) and cluster § (STIL RTs 43,78, 126, and 
127) In humans. CDI is associated withthe lineage RT O14 
and STIL (Knight and Riley 2019). Both possess wide 
‘genomes and consistently evade the effects of many 
‘antimicrobials being used inhuman and yetrinary practices 


(Knight et al. 2017; Knight et al. 2019). ‘Thus, this 
again emphasizeshow C. difficile isrelevant tothe concept af 
One Health, which states that three separate issues need an 
integrated ‘olution ie. human-animal health and the 
‘environment. Currently, no conerete evidence exists that C 
Uificile is transtitted via faeco-oral or the environmental 
route. This evidence is hard to get because (1) not every 
Person exposed 10 C. difcle exhibits signs and symptoms 
{depending on the susceptibility oftheir gut microbiota). 2) 
dificil is widespread, and (3) the sporulation eapabili 
‘of C difcile (spores can stay quiescent ail the favourable 
environment for the propagation). Funhermore, the 
infectious dosage (ID,) for CDI inthe buman population is 
uuncertsin, Nonetheless, thanks to the advancement in 
microbial genetics, presently there is sullicient and 
Persuasive proof that C file endemic to humans und farms 
tnimals has a contemporary evolutionary history. and also 
that CDI has a significant zoonotic clement, resulting in 
‘contamination of consumer food and the environment. Based 
fon an investigation by Knetsch et al (2018), the results of 
‘core genome analysis showed considerable clustering 
of human and animal strains, indicating that C. dificile may 
transmit both ways between farm animals and humans. A 
clonal cluster RT (7S revealed transcontinental transfer 
between an animal in Canada and humans in the United 
Kingdom, Tetracyeline is extensively employed in veterinary 
mdicine, Ina study by Dingle KE etal. (2019), tetracycline 
Preference was recognized as an essential driving factor for 
the evolution of :ificile RT 078, with various tetM-related 
clonal expansions happening in early 2000. An agrarian 
perspective for C dficile RT O78 is even further supported 
by the emergence of various tetM components, whith are 
‘To I6-like components from proven zoonotic pathogens 
such as E.coli, E faccalis, and S. suis. In Australia, C 
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Fig 3: Transmission eel of Clomid dill 


dificile RY O14 is very common in humans and pigs with 
CDI, accounting for about 30% and 25% of isolates, 
respectively (Knight et al. 2015; Collins et al. 2017). A. 
researcher (Knight ct al. 2017) isolated and sequenced the 
collection of the RT (14 stain of C. difile trom humans 
dnd pigs al the same time. The results ofthe egSNV analysis 
Showed current cross-species transmission, with 42% of 
‘trains toate from humans sharing a clonal connection with 
at least ne animal isolate, Furthermore, it is doubtul that 
there's any direct interaction between ‘both humans and 
animals since these clones were isolated hundreds of miles 
‘away throughout several Australian states. By considering al 
the facts it seems that C. diffe stains often circulate 
‘hetween people and farmed animals and that the zoonovic 
‘ransmission is not restricted {0 any specific territory or the 
‘general populace. This clearly explains an interlinked long- 
distance zoonotic transmission mechanism including 
poventially contaminated foodstuff and/or extensive 
dispersicn of C.difcilein the environment. Indeed, research 
thas demonstrated that RT O14 and other clinically significant 
and quite offen antubiotic-resistnt C. difficile lineages are 
found in retail food, waste, outdoor parks, domestic 
environments, and domesticated animals (Knight and Riley 
2019), Now there rased 8 question that how this transfer of 
Cificile between bumans and food animals is possible with 
limited geographical clustering. Humans and animals both 
are the primary hosts for C.ulfiile. Since its spores can 
‘withstand the required cooking temperature for meat (T1oC) 
for more than 2 hours, C-dificile from farmed animals may 


‘contaminate meat throughout the slaightering procedure nd 
survive until consumed by us (Rodriguez-Palacios etal 
2010) difcile spores may alo spread via aerosols, as seen 
in hospitals and surrounding anim farm facilities, Based on 
regional agronomic systems and regulations, manure from 
livestack may be composted of used as organi fertilizer that 
is dumped directly into agriculere farms which might lead to 
‘contamination of the agricultural environment. 's doubtful 
that C: dificile spores will be eliminated from the manure 
‘even aller composting. Tworthirds of the composting 
material including mulches and soil mixture is stil 
contaminated with C. difcile (Perumalsamy et al. 2019) 
‘Additionally, itis possible to compost contaminated food 
‘waste for late use in landscape and horticulture, Fig. 3 
illustrates the important CDI reservoirs and potential 
transmission pathways 

When treated sewage is released, it may harm surrounding 
streams, lakes and rivers, and seafood (Troiano etal. 2015) 
hocause C. difficile can withstand the sewage treatment 
(Romano et al. 2012), There have been reports of direct 
zoonotic transmission of C. difcle between pigs and their 
farmer (Knetsch etal 2011): nevertheless, forthe public at 
large, indirect zoonotic dissemination via foodstutt and the 
‘environment seems to be more probable. Because C: dificil 
is so extensively spread in the population, residential settings 
and domestic pets are being colonized with C. difficile, 
‘opening up yet another pathway foe transmiting CDI (Orden 
etal. 2018), 


Unique Scientific Publishers 


‘Gloitidium diffe Infection (CD 
Conclusion 


‘Treatment options for CDI have been limited to 
‘metronidazole and vancomycin since the late 1970s, when 
©: difficile was frst identified as the causative agent 
Consequences of CDI go far beyond. gastrointestinal 
symploms and are often overlooked. Recognizing the 
potential psychological and social effects of CDI and 
‘dentifying payment assistance programmes. supportive 
services, and work medical leave options are all important 
parts of clinical treatment and management, but they are 
‘only part of a holistic approach that must take into account 
‘not only pharmaceutical intervention but the patient's 
experience both during and after CDI. Health resources and 
healthcare institutions should focus on avoiding CDI and 
CA-CDI to cut-down on expenditures on medical 
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INTRODUCTION 


Fish are raised in captivity under strictly controled 
‘conditions inorder to meet the need of white meat for human 
‘consumption, Ia industrial fish farming, productivity is 
increased by making individual fish heavier (Schuchardt et 
Al 2008), Fish development with maximal weight in a short 
Period of time is improved by using artificial feed in 
aquaculture (Bhosale et al. 2010). To increase the 
elfcetiveness ofthe feed conversion process, resulting in ish 
development, new compounds are being added to the fish 
feed. According to a study. herbs have positive benefits on 
fish health and growth. (Femnindez-Navarro etal. 2006) 

The formation of drug resistance bacteria and the generation of 
shuzardous compounds unsafe to both human falth and the 
feavironment are caused by the overuse of antimicrobials 
Fhormaones and other synthetic drugs in aquaculture to prevent 
infections. promote fish growth (Esiobu et al. 2002) and 
‘weakening the hosts immunity (Panigrahi and Azad 2007). As 
Aresull, heir use has drawn entcism across the world (Baruah 
ct al. 2008), Herbs are used in place of antibiotics in the 
‘management of fish health because these ae less expensive 
cnvironment friendly. and have less adverse effects The World 
Health Organization promotes diets that include medicinal 
herbs or pnts as «supplement to redace the requirement for 
chemicals in fish meals (Dada 2015). In this situation, 
including herbs and herbal items in fish diets can help the 
cultured fis to consume more feed (Levic etal. 2008). 
‘Animal nutri uses bioactive substances found in a variety of 
plants to increase eeintake, enhance digestive enzyme output, 
and trigger immunological responses Additionally. there are 
‘many plants reported to have antiviral, antibacterial, and 
antioxidant properties (Ctarasu 2010). Aquaculture practices 
include a diversity of herbs and herhal products to produce 
‘healthy fish by treating illneses, promoting growth, lowering 
stress levels, enhancing immunity, stimulating appetite and 
[preventing infections (Citas el, 208; Shalaby 2004) 


Functions of Natural Products 


‘Miguel et al (1997) performed research on the dietary quality 
‘of cowpea seed protein concentrate as an ingredient in 
functional tilapia fry dicts. Cowpea seed protein concentrate 
thas been determined to be a potential clement for ase in 
tilapia feeding as there has been no documestation of 
‘monality linked to dietary plant protein. Fish have benefited 
more from duckweed supplementation than from ater 
spinach of other polyculture fish supplements (Thy et al 
2008), The results shoved that effects of different amounts 
of Jpomea batatas peels on development. fed consumption. 
and specific cichlid biochemical responses of Oncorhynchus 
(0.) niloticus coud survive up to 15% of inclusion of sweet 
potato peel. The rescarch’s findings are significant because 
‘shoved that sweet potato peel can be asd in fish food ta 
reduce the expenses of processing farmed fish. Similar effects 
‘of Tilapia fingerings were exhibited by Adewolu (2008) and 
Paramari et al. (2012) 

‘Mohddin et al. (2012) evaluated the impact of adding 
‘mushrooms as a prbiotc tou dit high in super worms om the 
‘rout of red tilapia fingerings. Specific growh rate, Feed 
Conversion ratio, and Protein efficacy ratio levels rose, and 
survival reached! up 1 95.33%. The 10% supplementation of 
‘mushroom stalk meal (MSM) asa tilapia prebiotic may be 
utilized in the insect-hased dit af Zophobas moro, The Nile 
tilapia (0. nilricus) grows faster when the melon shell is 
include in its dict as a source of energy (Orite and Rickets 
2013). O-niloricus ean be wilize up wo 75% of mixing melon 
‘tell meal in tilapia dicts successfully, The mean feed intake, 
Survival rate, protein intake, proin efficieney rao, g103s 
feed conversion efficiency. feed efficiency and percentage 
‘weight gain all rose as the amount of dietary cowpea (Vigna 
nguiculata busk meal inereased. When cowpea bull meals 
used in place of maize meal, growth efficiency improves by 
‘50 to 100 times (Thy eta 2008), 

Dorojan et al. (2014) investigated the effects of specific 
‘hytobitics (thyme, sea buckthorn) on the growth output of 
stellate sturgeons (Acipenser stellums) in a system of 
economic recireulsting aguaculture. Thyme (Thymus 
vulgaris) and sea buckthorn (Phytobiotics) were inserted in 
feed using gelatin ata concentration of 2% per kilogram of 
feed, The erade protein utilized was 48%. I was concuded 
that Wo types of essential plants (thyme and sea camel). 
‘when given ata concentration of 2 / kg of fodder, had an 
Impact on astrocytes’ ability to proliferate. ‘The growth 
performance of tilapia (O. ailoricus) fingerings was studied 
bby Gaber etal. (2014), in which diet were supplemented by 
Digestarom and it was concluded that the diet with 30% wet 
date and 0.03 percent Digestarom shoved the highest net gain 
‘and looked toe preferably level 
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‘The effects of hunger stimulation on the functioning of 
digestive enzymes may he another potential mechanism of 
the action of phytogenic bioactive chemicals on the growth 
‘output of farm animals. According to Abdulrahman and 
Ahmed (2015), feeding animals. fructooligesaccharides 
bhoosted their daily ody. weight gain by boosting their 
amylase and protease activity. Additionally, the pancreas and 
intestinal mucosa of these animals ere used ina stay that 
revealed feeding them a diet rich in lactic acid and a 
‘commercial blend of essential oils significantly increased the 
activity of digestive enzymes. which in turn significantly 
increased the production of pancreatic and intestinal mucosa 
enzymes. (Metwally 2009). Ithas been proven that using hot 
spices like cinnamon and pepper will cause salivation. The 
alability of nutrients from feedstutfs and digestibility may 
both benefit from the increase in enzyme synthesis (Yuan et 
al 2008), 

Higher vertebrates and fish have two critical components in 
thei immune systems. The endogenous, regula, or non- 
specific defensive mechanism isthe initial component. Is 
‘made up of a series of cellular and humoral elements. The 
second element isthe acquited, specific. or adaptive immune 
system. which is distinguished by cellular immune response 
mediated by ‘T-lymphocytes and humoral immunological 
response via antibody formation, - Immunostiulant 
‘prophylaxis isthe most successfl techniques to improve the 
immune system for disease prevention in aquaculture. Some 
clements (such as the fundamental cells and molecules of 
‘adapive immunity: B lymphocytes (B cells) T Iymphocytes 
(1 cell), immunoglobulins (igs). and. major 
histocompatibilty complex (MHC) of fish's innate immunity 
hhave been found to be improved by immunostimlants 
(soba etal, 2002), 

Like other antimicrobial medicines, certain plant bioactive 
compounds work by altering the cell membrane of 
‘microorganisms. Minimum inhibitory concentrations 
{(MICSO) and minimam bactericidal concentrations (MBCSO) 
fare correlated withthe concentration af the active ingredient 
andthe quality of the plant extract (Kamel 2001). 
‘Additionally, a significant increase inthe hydrophobicity of 
‘microbial species can change the surfuce properties of 
microbial cells and therefore alter the virulence qualities of 
microorganisms in the preseace of specific plant extracts 
(Miguel et al. 1997), This could be a key antibacterial 
mechanism in certain plant extracts, This description perhaps 
‘has impacts om the intestines, as certain pathogenic 
‘microflora depends onthe adherence of bacteria to intestinal 
rucosal cells, which is strongly impacted by the hydrophobic 
surface features of microbial cells (Denev 3008). 

Numerous essential oil blends that primarily consist of 
‘naturally occurring polyphenolic chemicals or flavonoids 
‘have shown promising revults as antibacterial and antioxidant 
agents, A healthy gut flora can be established by 
supplementing broiler diets with essential oil blends, which 
‘will encourage optimal digestion and increase bird 
productivity (Denev 2008). Findings of Citarasu etal (2006) 
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showed that Black tiger shrimp's diet contains a variety of 
methanolic plant extracts. Shrinip fed 2 25-ppm extract of 
turmeric fared which was substantially beter against V. 
hharvevi. According to another study, the ethanol extract of 
Psidium guajava was shown to have the highest antibacterial 
activity when it was tested against Aeromonas hydrophila 
infection in tilapia (0. niloicus) (Levie et al. 2008), 
According to another experimental study. elective 
‘combination of plant extracts with antibacterial and 
‘antiparasitic characteristics is used to treat pangasis catfish 
fad led to better disease resistance to two significant bacterial 
pathogens (Edwardsella ietaluri and Aeromonas 
Inydrophila, igher growth, and improved feed conversion 
From the experimental findings of Abdulrdman etal (2019) 
itean be concluded that using 25-50% ofthe protein from 
commercial dry yeas S. cerevisiae inthe diets of common. 
carp led to a significant improvement in the chemic 
composition of common earp (C. carpio L.) meat, as well 3s 
fan improvement inthe sensory evaluation of fish met. 

By using a plant extract derived from the leaves of the olive 
tree (Olea europaea) and its primary — component 
(cleuropein), salmonid thabdovirus has successfully be 
controled and viral haemorthagic septicaemia rhabdovirus 
(VHSV) can be used as an antivieal agent (Dorojan etal 
2014), White Spot Syndrome Virus infection had an etfect on 
the survival and vial load of blac tiger shrimp fed on 
combination of methanolic plant extrcts (Penaeus 
‘monodon). ‘The herbal medicinal products applied in P. 
‘monodon laryiculeare contain nutrients that enbance growih 
‘promotion, the appetizer to increase consumption and anti 
Srest characteristics and, therefore immensely used in the 
culture of shrimps. This practice reduces the side effects 
‘used by applying synthetic chemical compounds. Hence 
the altemative heal compounds prove toe very elfective 
in the shrimp larviculture (Ctarasu et a. 2002) 

The outcomes of adding Chlorella algae to fish feed inthe 
study of Abdurahman etal. (2019) had an impact on feed 
consumption, The T3 and T4 food conversion ratios were 
noticeably lower than other therapies. No_ discernible 
‘variations across the treaiments were scen in the food 
clfciency ratio. T3 and T4 had significantly higher protein 
clfciency ratios than other therapies. In both T2 and 73, ish 
‘weight without viscera was significantly higher. In the 
chemical studies (proximate analyses) of the common carp 
meat, 4 had a much greater protein to ash ratio, although Tt 
fand Thad a significantly larger lipid to moisture ratio. In 
‘comparison othe control, adding Chlorella to fish diets at all 
levels had a substantial impact on the color, juiciness, and 
‘overall acceptability ofthe meat. 

‘When added to the dict of tilapia, the reddish hue seen in sed 
sandalwood (Prerocarpus santalinus) is seen to boost the 
feeeptance ofthe meal. Both the body and the flesh of the 
Fish were painted pink, Fish fed colored feed displayed higher 
feed intake and growth rate (Gaber etal. 2014), Joseph etal 
(2011) examined the effects of four herbal supplements (H. 
rusavinensis, Rosa indica, Ixora coccinea and Crossundra 
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infundibulformiss) on the development and boy coloring of 
an omamental fish with a red sword til, Xiphophorus 
hhllerei (Heckel). ‘They came to the conclusion that 1 
‘coccinea bad the highest amount of color pigsients found in 
‘adult fis, ata level of 1, 

tha et al. 2012) investigated that, natural pigments 
influenced cichlid’ color, and. the groups showed no 
differences in feed conversion or growth rates. It was 
‘concluded as a result that these pigment sources affect the 
‘olor of cichlid fish, With the addition of ditary supplements 
and an increase in marigold flower meal and beetoot mes 
body carotenoid levels grow at linear rate 

Improving meat quality and aquaculture productivity 
depends on several variables, inclading density, the quality 
fof the water and fecd, as well as additional environmental 
‘variables such as the water's salinity and level of dissolved 
‘oxygen (Bhosale et al. 2010). 

Environmental variables including rain, high temperatures 
‘oods, landslides, predatory fish entering earthen ponds or 
reservoirs, blooming of algal, et. are also the cause of a 
decreased aquaculture product. These clements let to sess 
and insufficient usage of regular fed, which lowers the feds 
conversion ratio. Drugs like antibiotics and synthetic 
medications that are used to teat illnesses can injure the liver 
and have an impacton the development of caltured fs which 
lowers output By addressing these issues, it wil be possible 
to enhance commercially viable production. However, to 
‘maintain ish health overall and address envionment issues 
‘without compromising growth survival, enough herbal feed 
supplementation is necessary (Dada 2015), 

Due o rising demand and a parallel decrease in wild fisheries, 
aquaculture is growing faster than all other animal food 
producing sectors. With advanced  cultvationrearing 
{echniques, sumerous species of plans and animals continue 
to increase every year. Despite the various policy initiatives 
supported by nurierous research studies aimed at boosting 
fisheries production in most countries, the deficiency in the 
Production target is a key feature of the sector as the 
‘consumption of fisheries and products continues to increase, 
Production of aquaculture can be based ana short production 
‘eyelet fill the production gap. The feed conversion rate w 
tne improved in this process, which in turn would encourage 
‘weight gain and boos the production potential of animal meat 
and have a bactericidal impact on wastewater aguaculture 
‘Natural substances are promising to adjust the demand curve 
to fulfill existing demand in fisheries, Natural products may 
Simulate the growth of antimicrobial agents, increase the 
‘assimilation of protcins and the conversion rate of feed, s0 
that animals gain weight more rapidly without substanti 
‘cumulative toxicity. Several herbs are used to lower stress, 
‘boost defenses, and contol bacterial development, such as 
‘Thymus vulgaris, Coriandrum sativum, Aphum graveotens. 
Hsgrophila spinosa, —Withania somnifera,  Zingiber 
‘officinalis, Solanum trilobarum, Andrographis| paniculaya, 
Psoralea ‘corvifolia, Eclipia erecta, Ocimum saenctum, 
Pierorhisa kurood,” Phyllanthus niruri and Tinospora 


<ondifolia(Citarasu etal. 2002), Similarly. its known that in 
‘aquatic animals, fenugreck, black seed. licorice, anise, 
‘marjoram, caraway, basil, anise, fennel, and garlic boost 
evelopment, food conversion, improve protcin digestion, 
and sustain energy (Platelet al. 2002) 

Significant improvements in fish growth, coloring. 
reproduction, and flesh quality can be achieved by adding 
‘Spirulina platenss o fish diets as feed supplensent or a 3 
‘arial replacement for fishmeal (Abdulrahman tal. 2019) 
According 10 the latest research, common carp diets can 
“Substitute 20% oftheir ish meal with lent seed for improved 
‘growth (Abdulrahman etal. 2021) 

Allicn is an active garlic compound that causes increases in 
ict intake Zeng etal. 1996). Research recorded that alter 45 
days of calture, the addition of SO mg/kg synthesized allcin 
to the fish diet improve 23% of is weight gain (Lee and Gao 
2012), As growth-promoting agents in O. niloticus, other 
culinary herbs including basil (Ocimum basilium), caraway 
(Carum cars), and ted clover (Trifolium pratense) showed 
promising outcomes (Abmad and Abdel-Tawwab 2011). 
Another showed that green tea methanol extract (Camellia 
sinensis) improved the survival rate, growth, use of feed and 
protein content of black rockfish (Sebastess chlegeli). In O. 
nilotiens, the supplemented dit of garlic increased weight 
‘in and basic growth rate. igh growth rates of 25 percent 
sarc inthe fecding diet were observe in the same species. 
‘The dict supplemented with garlic increased weight and 
specific growth rate in tilapia. The 3.2% garlic power dict 
showed the strongest performance in O. niloticus (Metvally 
2000), Table 1 summarizes different prebiotics’ effects on 
‘various carp species, 

Similarly, diets that included garlic supplements showed 
significant advancements in weight gain, food conversion, 
fad protein production, Due to increased protein synthesis, 
“Labeo rohita fed with Herbal dict supplements improved feed 
consumption, leading to better growth (Baruah etal. 2008). 
‘To improve fish health and wellbeing, cath apples were 
cemployed as a source of prebiotics which showed an 
improvement in weight gin and various growth parumeters 
{Abdalrahman 2022). 

Sesbania grandifiora, Moringa oleiern, Coleus aromaticus. 
Ocimum basil, and Solanum verbascifolium leaves used 
to enhance growih in O. mossambicus. In a study, 0. 
Mossumbicus fed with diets conttining Moringa oliefera 
demonstrated a maximum increase in weight gain, An 
inerease in fish length was observed in fish fed with dict 
supplemented with Ocimunn hasilcum. Additionally, in 0. 
aureus, red clover (Trifolium pretense) mixed with dit 
‘promoted the growih rate (Levi etal. 2008). Juvenile pike 
perch (Sander lucioperca) supplied with contol diets grew 
Slower than those fed with dicts supplemented with 
therapeutic herbs. Red sca bream, Povvilia reticulata 
Crypioheros nigrofasciarus, and common carp C. carpio 
‘provth was enhanced wen medicinal plants were added to 
Pogru's main dict. Ginseng herb consumption accelerated the 
srowth of O niloricus fingelings (Harada 1990), 
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Fah species —Prbiouc —Revuls Reece 
Common carp Chto Increase To WRT gan, Tanne, Anya and pe calancement and (Gopalakanan and Arad 
‘in nteased defense agatnst duetses 2006) 


Cuciancarp_XOS 
Como cap MOS 
Crucian cap MOS 
Common carp MOS#BG 

Tnmupogea plsina putein 
Minor cap fe glucan 


hemaucri. and proximate analysis 

Coma carp FOS 

Cacia carp Chitosan 

‘Comma carp FOS 
rom performance 

Common cap P- glucan—neresed microbial lot 

Conc carp FOS 


octave in weight ga, and enhancement of Proease and Amylase activity 
Increase in condition factor weight gan, and Potin efficiency tlio. 

Increased of imouoglobli,lysoryne activity and acidophosphatse enzyme 
Increase eed and Protein eicioncy sao feed conversion cao, Hemoglobin and (Ean ta 2 


Increase survival rate, growth parameters whi 
Increased phagocytosis, Deceased cholesterol and igiceide 
Increased survival ate, lactobacilli cout alse and pase activity. ao effect on (Hosea etl. 2016) 


Increased white bod cells and pelt counts 


‘ual 2009) 
(tar and Ate 2000) 
Aram’ etal. (2012) 


Increasadheterowophic bacteria, Inteaed growth performance, hemoglobin, (Kublwein et a. 2014) 


ood els nd diseases esistance (Hosein et 2018) 
(Chen etal. 2014) 


(Gung-Sehroers eta. 2016), 
(Atdulahmun and Abed 


2015) 
‘Table 2: Natural sources of natural pbiotios 

Type at ete Sous Rees 
Malioolgesscchands Starch ‘(Rancho eta TO) 
‘somaltonigosachardes Starch (Kaneko etal 1995) 
Raffinase oligosaechuides Legumes, Leni, eas and Beans lohaasea ta, 1996) 


Xvoolisosaccharides 
Gactooligosacharies 


Lactosurose Lactose 
Lactulose Mlk Lactose 
Ctodexeins Glican Disolved i Water 
Teomatulose Honey and Sugar Cane Juice 
Paltsose ‘Sucrose 
Frucooligoscehardes 

see 
Soybea oligosaccharide Soybean 


Arabinosjloolgosachasides Wheat Bran 
Engymevesisant dewsia Potato Statch 


Bamboo Shoo’. Fruits. Vegetables, Mik, Honey and Wheat Bran 
Hurnan Mill Cow’s Mik and Glucan Dissolved in Water 


{Vazquez etal. 2000) 
{Aland etl 2001) 
(Kavase et al. 2001) 
(Willail el. 2002) 
{Singh etal. 2002), 
(ins ta. 2002), 
(ing etal. 2002), 


‘Sugar Beet, Gale; Dandelion, Buley, Onion, Honey. Banana, Sugar Cane (Sangeet etal. 205) 


(usta and Mancha 2007) 
{Grooter et al 2007) 
(Barczyn ea 201 


To improve growth effectiveness and meat quality. 
antibioics may be given with an adjusted dose of garlic 
Garlic was advised ta be added to fish feed by Metwally 
(2009) to encourage growth and improve survival rates. Four 
slistinct plants, including Eichinacea purpurea, Allium 
sativum, Nigella sativa, and Origanum marjorana, were 
utilized by John etal. (2007) a feed supplements to promote 
the growth and survival of 0. niloticus. 

Phytobioties are defined as plant-hased supplements given to 
‘animal eed to improve performance (Faramarzi etal. 2012), 
Phytobioties have a broad range of properties. such as: 
roth promoters, antioxidant, snticarcinogenic, 
antimicrobial, analgesic, antiparasitic, insecticidal, 
fnticncciial, bile secretion stimulants and digestive enzyme 
function enhancement. In aquaculture, prophylactic 
‘administration of immunostimlants is among the most 
Clfcient methods of improving the defense system sand 
control of diseases (Denev 2008) 

‘According to a study, the treatment bad varity of impacts 
‘nthe blood parameters that were examined, with 25 gig af 
fructooligosaccharide and dry yeast having a substan 

impact on hemoglobin, white blood cells, and red blood cells 
(Abdalrahman and Ahmed 2015), 


According to recent developments in immuno-nutition 
Studies, the immune condition of fish is related to particular 
‘nutrients. This brought the immune system prototion and 
fish growth to the attention of fish nutritionists, Yuan et al 
(2008) investigated. the effects of common carp meals 
including a combination of Asrragalus Membranaceus (root 
and stem), Polygonum muiflorum, Isutistinctoria, and 
Glyesrrhiza glabra (05 and 1%), The levels of total protein, 
albumin, globulin, and nitric oxide activity increased 
Significantly with both amounts, but there were no 
Statstically. significant differences in the activities of 
Superoxide dismutase, lysozyme, of triglyceride levels. Fish 
immunological function has been reported tobe improved by 
the root extracts of the Chinese ert Astragalus, which 
contain organic aids, lkaleids, polysaccharides, glucosies, 
dnd volatile oils as its main active ingredients, The oriental 
‘medicinal heth G. glabra (liquorice) comprises Navonoids 
and peatacyelic witerpene saponin, inclading liguritin, 
liguirtigenin, —isoliquirtigenin, —liguiritin apioside 
slyeytthirin and glycyrihiic acid as major constituents and 
is reported to have antioxidant effects (Yin etal. 2011), 

The ‘usefulness of adding herbs to fish feed to control 
abnormalities and promote healthy fish is the subject of 
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‘mumerous research Fish feed can benefit from the use of 
‘natural plant products for improved development, healt, and 
productivity. Aquacultural activites that use herbal products 
fan promote development. operate as immune’ system 
boosters, stimulate hunger. raise feed consumption, induce 
‘maturation, and have antibacterial and ant-sress properties. 
‘The application of plants may pave the way for better 
ccordination of fisheries with bortiultue, providing a better 
Connection hetween aquaculture and agriculture and 
fchieving the objective of increased aquaculture production 
in a sustainable, cost-efficient, and eco-friendly. method 
{Abdalrahman 2022).as shown in Table 2. 

Groen hers an herbal tems have heen aed to the feed ta 
blp fish raised im a farming system to resist infections 
Promote growth, reduce stress, and boost their immune 
‘Systeme, Dict supplementation of fish with herbal products s 
‘more affordable and environmentally safe, and nether the 
fish nor the consumers will experience any side effects. As a 
result, using herbs as medications to teat ailments in 
aquaculture s becoming more and more common. Compared 
tothe numerous medications and vaceinstions used in disease 
prevention, these have a greater impact on safety (Abdel 


Conclusion 


leis evident that plan by products can affect physiological 
functions and modulate the intestinal microbiota of different 
aaimal species, showing potential to he used as growth- and 
‘health-promoting agent in fish production. Natural products 
can he usedas growth promote, immune-stimulants, appetite 
stimolators, anibactrial, antiviral, antifungal, and at-stress 
‘agents, Funer studies are needed to gain more insights to 
‘understand the mechanisms of action of various by products 
‘on both pathogenic micro-organisms und the more abundant 
‘normal micrabioa ofthe gut and evaluste thei impact on the 
ceavironment andthe host. 
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INTRODUCTION 


Emerging goals and a growing focus on the camel have 
‘moaifed the belief of “supply of the baren region” toa food 
‘sufety animal” in lots of semi-arid aswell as arid anes ofthe 
‘orld, Pakistan isn't an exemption to this wherein the camel 
‘goes Lo take part in a pinnacle characterise that may Fulfil 
allrequirements of milk and meat ofthe rural popalation. The 
‘saying ofthe Almighty in the Quran “Do they not havea look 
atthe cal, in what way they may be made": nicely extolled 
the virtues ofthe eamel (Al-Ghashiyah, 88), Its thought that 
alter the barren area residents proceeded 10 Gad and 
‘complained about the dificult cimatical situations of the 
dlsert, God heard their pleas and sent them the female came, 
they dank is milk, and their characteristics grow well (Khas 
ct al. 2003). The exploding population will increase the 
Fiori of food safety around the globe wherein Pakistan isnt 
fan exception a well as the county is SM largest regarding 
population and is challenged with food safety (Paraz etal 
2019s). In the investigation of the latest property, a future 
‘ned is the camel as its far vital count in the proper Food hin 
system (Faraz et al. 20196), 

Food protection has originated to be excessive trouble 
‘worldwide because of the increase in the population of 
‘humans. To cantest this condition, the investigation of novel 


worldwide properties isa dire need of the current situation, 
‘The camel looks quite a central count tothe proper food chain 
because it gives meat, milk. and important way of financial 
significance (Faraz 2020). lis a key supply of subsistence 
and earnings for pastoral human beings (Faraz tal. 2019) 
Commenly. there are two types of eamels Le, "Camelus 
dromedarins” called one-humped camel or may be called 
‘Arabian camel, and” Camelusbactrignus” called two-burmped 
‘or may be called Bactrian camels (Faraz and Waheed 2019) 
‘There is a 35 million worldwide camel popalation and atthe 
same time Pakistan ranks eighth in the globe with 1.1 million 
‘Camels afler Somalia, Sudan, Kenya, Niger. Chad. Mauritania, 
and Fihiopia (FAOSTAT 2018; GOP 2021-2022), 


Camels Distribution 


‘One-humped camels are 95% of the total camel population, 
‘There are near about 50% ofthe dromedary’ camel population 
belongs tor Somalis and Sudan and 70% of the Asian 
sdromedary camels belong to Pakistan and India, Baluchistan 
‘consists of about 40%¢ of the eamel population in Pakistan; 
shout 30% in Sind, almost 023% in Punjab, and about 07% 
in KPK province (ACO 2006), Dromedary camels have 
‘dominated the eamel population in Pakistan as some herds of 
Bacirian camels are inhabitant at Suleiman mountainous 
region (Razig eta. 2010), 


Current Status 


‘There are 4 environmental regions of camel production in 
Pakisun. Thal and Cholistan (sandy barren. vicinity) in 
Punjab, Costl areas of Sindh province (Badin, Karachi, and 
‘Thatta districts). Thar in Sindh and Hilly zones (Dera Ismail 
Khan, Dera Ghazi Khan, of Punjab and many areas of KPK, 
and Balochistan). There is camel production in different 
watered districts of Sindh and Punjab provinces as well 
(Faraz ct al. 2013). Camelids can be multi-purpose 
‘organisms whose female animals are used generally for 
milk production, the males are raised for meat purpose 
‘draught, or transportation cause, and all over again each 
tnimal either mile or female provide meat as a tertiary 
product (Paraz 2019). 

‘Camel has been considered avery important animal in many 
‘countries which s used as a food animal now-a-days because 
fof the rowing recognition of meal nutrients and dcttis. Is 
functionality to use roughs of rangeland in borderline zones 
and to live on and bring properly underneath warmness and 
‘cruel surroundings have been diagnosed considerably aver 
the years. Globally, camel attains a completely specific 
socioeconomic and ecological reputation (Faraz al. 20194) 
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‘Camel Production Prafile 


Iss important feature isto provide benefit tothe poor people 
though multiple ways and can survive severe climatic 
conditions since historic times (Faraz 2019 a,b, e).The camel 
‘ns several unique qualities, including the ability to cruise, be 
‘milked, carry loads of goods. eaten, be secured, plowing. 
traded foe goods, and employed aimed at unustal agronomic 
tasks a well as being displayed in 700s (Iqbal 1999), 


Camel Peculiarities 


‘Theresa significant role of camel in the subsistence pastoral 
economic system in a number of ecazones ranging from India 
fad the Desert Gobi in firs-world Somalia to Asia and up to 
Ethiopia in the base of African continent (Kobler-Rollelson 
2008). The ability of camels to survive in difficult, dry 
‘environments and to withstand a vatiety of pressures, sich se 
Inet, a lack of water or water with excessive salinity. and a 
lack of food, has made ita special candidate pillar of marginal 
cevosystems (Faraz 2020). It can digest dry roughages and 
depends further to consume all cheap and rough nutrients 
especialy crude fiber greater than one n each ofthe ruminant 
types. The extreme digestibility of fiber might he recognized 
asthe lengthier maintenance period of enormous debris in is 
froat belly as well asa sole measure of the fore-stomach of 
the camels. The camel (dromedary isthe maximum crucial 
clement of domestic animals within temperate, semi-arid, and 
ddr areas because ithas the ability to deliver outstanding food 
like milk andl meat in severe climates a decreased prices. I 
thas great tolerance 10 the higher temperature, solar 
zation, and water shortage. tis capable to thrive nicely on 
sandy deserts with terible flora and especially consumes the 
feed material tht is unutlized with the useful reserve of 
‘many precise domestic animals (Paraz 2022). 

In Pakistan, Camels are very well adapted to their close 
surroundings and may preserve thei life cycle in warmth 
and revere deserts. The camel (dromedary) ts an excellent 
supply of milk and meat. particularly for the regions 
‘wherever the production sysicm is advanced and it can bear 
harsh ecological conditions ofthe weather. This reason is its 
sole physiological predisposition which allows bearing 
higher temperatures, water scarcity. solar radiations, 
dreadful flowers, and challenging geography. These animals 
hhave no antagonism with local species concerning feed and 
are well known for extensive performance. They may’ he 
lrowsers as their loosened lips with strong papillae and buds 
in addition to prolonged legs and neck permit the animals 
Browse proficiently. As concerning their detailed 
‘characteristics he animals shall browse that feedsuff cloth 
land this ean be an outside technique of many farm animal 
species (Faraz 2020 a,b). 

‘A substantial portion of camel's milk is there in cardinal 
provisions of rural community which pays for about 30% of, 
the yearly energetic diet. On an average. the everyday mill 
production ofshe-camel is normally 3-10 liters in subsistence 
systems and a longer lactation length of 12-18 months (Farah 


and Fisher 2004; Ahmad et al. 2010). At standards, on 
average camel milk retains 37% protein, 4.9% fat, S1% 
Inctose, 144 % total solids, and 0.70 % ash (Khan et al 
2008). Definitely. the milk of camel is enjoyed now. duc to 
its richness with nutrients and medicinal worth. Now society 
Stars using itas therapy for certain conditions lke diabetes 
liver dysfunction, therculesis, long bone pain, asthma, 
spleen ailments piles. arthritis, fod allergies, and sometimes 
‘san aphrdisiacal, Furthermore, the milk of camel hashish 
level of Phosphorus and vitamin C contents (Konuspayeva et 
al 2011), dherelore it has an advantage over other demestic 
species for milk comparison (Saini etal. 2007; Mohamed et 
al. 2005), 


Camel Accredits 


The camels haven't any opposition with other home species 
shout feed and continuows production, The grizing and 
browsing comportment of camel consists of actions pattern 
which is linked to the searching. choosing. ingestion, and 
absorption of feed (Faraz etal. 20183). According to some 
fexpers, the camel has the ability to graze on high, more 
beginning, and moist grasses but usualy, it's miles a browser 
and their fed includes timber, shrubs, and wood (Faraz etal 
20186). Camels are browsers by nature ast stall in addition 
to prolonged neck and leps allow them to browse effectively 
Because of those specific qualities they will be proficient in 
browsing that feeds fabric that is away from the method of 
diverse livestock species. They shall browse on sensitive 
flora and salty and prickly timber because of the specific 
shape of their mouth. I hs robust prehensile lips, papille 
anda thin muzzle whic allows it to browse appropriately on 
thorny foliage (McDowell 1986), 

Camels like browsing as compared to grazing and itis 
declared as a browser withthe Henefiial resource of nature 
(Yagil 1990). Camels spend more time in rumination that is 
‘why they select surfing overgrazing (E1-Badavwi 1996). Inthe 
absence of marvelous forages, camels can make usage of 
temible bizare forages with greater effectiveness 10 keep 
fibers in their fore-stomach for a longer time of about 70 
hours. Even described by Schwartz et al. (1992) in the 
assessment to one-of-a-kind rumimans, the feed of eamel is 
‘consisting of forage with low protein as the camel has an 
ability and overall performance of reusige of the urea for 
synthesis of mirobiallstomach protein far beter. As one of 
its attributes, the camel isin consideration because of the 
suthenticity of the animal with unfthomed volume to mest 
the purpose of dietary and medical requirements of people 
resident inthe marginal areas (Faye and Esenov. 2005). But 
in regardless of a selection of these traits, it has been 
‘continued to bean unobserved animal 

Tn arid regions the camel signifies the masimum vital meat 
supply line (Knoess 1977; Farah et al. 1992). Camel is 
usually raised up at conservative contol structures as 
pastoralists are moving continuously for handsome water and 
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‘meals over enormous zones fr the camel (Abbas and Omer 
2005: Omer etal. 2008: Ali and Majid 2013)-Camel inherited 
‘tive beneficial aids for easy management and conserved 
nicely. Camel achieves an indispensable purpose in rural 
Piology. Good research spotlight its sole propensities, 
particularly under pressure tuations In ceder tosis, the 
emerging needs of the explosion population, dhe planned 
knowledge is needed to lessen the need for exterior 
rovender. 


Performance Outline 


Camels play an indispensable position in the community 
survival nd economic device of human beings insemiarid 
land arid zanes in aumerous areas. No matir the situation 
{reat inpat tothe come ofthe rural community, camel isthe 
‘maximum abandoned species and just rare effort fad been 
required to represent its performance ability and interrelated 
limits under natural situations. At the same time as in 
predictable control tools the camel well-organized 
Inclinaions are short, and the old-style farming of camel has 
zo forthcoming (Bakeit etal, 2012) 

‘The farming of camel structure isin flux position because 
pastoralists are shifting from their outdated complex to 
Intensive and semi-large arrangements, ‘The abruptly 
converting situation desires popular assessment and a 
Pressing yants 10 embrace multi-disciplinary kinds of 
‘esearch (Khan etal. 2003). Basically. the studied artwork 
fn the industrial capacities ofthe camel is accomplished 
helow conventional manage structures without notice of 
producing structures in Pakistan (Ighal et al. 2001). 
Rescarch artwork finished so fr is totally on ever-changing 
hherds and a lot of paintings have been based totally on 
survey studies below traditional control structures. ‘The 
studies about the role of camel inthe massive famine are 
Positive and the basic facts on Pakistani camels and their 
developing functionality exploitation ate critical to carry 
together with a rustic records base for destiny studies and to 
search for export potentials. Presently, Faraz along with his 
coworkers fas completed large research concerning 
production capability of camels. in particular, in the 
‘manipulation systems in Pakistan, atthe manner to pave & 
‘way for further investigations inthis hassle and concluded 
tha dhe camel appears to have avery vital chair forthe food 
safety in the country and it is the precept pillar of the 
monetary device in marginal compass (Faraz 2019), 
‘Camel is source of milk, wool, meat, hair. and conveyance 
Camel assists hundreds and thousands of humsan beings in 
semi-arid, mountainous, arid, and particulary barren regions 
of our country. It has specific functional tendencies. The 
‘ame has one specifi ful of fat-rich parts ofthe body called 
Ihumps om its upper part which have the ability to store 
calories forthe camel inside different directions ofthe dearth 
‘ofthe water source. Camel's hump does no langer consist of 
‘water in ft, its miles save of fat on which the animal can 
live atthe equal time as food is scarce (Faraz etl. 2013). 


‘One Health Wad 


Many types of camel breeds are determined in Pakistan 
Mountainous camels regionally known as Pabar, are 
inhabitants of Norther Punjab a well usin Balochistan. The 
riverine type of eamels may be placed inthe barren area and 
inrigated grasslands of Sindh and Punjab provinces. Twenty 
different camel brecds are determined. in Pakistan that 
includes 7 breeds of Balochistan (Lass, Brabvi, Pishin, 
“Makrani,kharani, Rodbari, and Kachhi), 4 of province Sindh 
(Sindhi or Lari, Kharai, Dhatt, and Sakrai). of the KPK 
(Gaddi, Gaulmani, Khader and Maya) and 5 of Punjab (Booja 
‘or Bags, Cambelpuri or Mountanous, Marecha or Maha, 
Kalachtta, and Thalochi or Brlla) (Faraz et al. 2013). 
‘Three important production systems of camel are present in 
Pakistan; transhumant, sedentary and nomadic. Those 
performance systems in truth represent the socioeconomic 
Sgnificance of camel as those are associated with 
limatially situations, fora phonology. topography. and 
vailability of water. In nomadic systems, raising camels is 
frequently compared to human social lifestyles, Nomads 
travel from their homeland to diferent areas and the principal 
motive for their roving i the absence of fodder for grazing 
and water searcity troubles. Camels, about 26% of the herder 
frcas in Pkistan, have a test of this type of prodaction tol 
‘These tools have been characterized through 3 primary 
‘capabilities: 1) Herds of camel are numerous withthe useful 
resource of goat, sheep, and donkeys, 2) Seasonal and 
‘alastrophe movements are obvious, with survival bing the 
‘most important factor, 3) Same traditional activities adopted 
by the nomads who lend and share the camel herds (Fara et 
al. 2019), 

‘The transhumant system may be changed cultivation 
processes inside the rainy area at afew unspecified times. The 
‘migration is also based totally upon the important purpose of 
accessibility of feed and water. In Pakistan, 23% of farmers 
are concerned about transhumant technology: Nearly 50% of 
the population is employed in the sedentary activity of camel 
rearing. which accounts for a significant portion of family 
income. Women play fantastic roe i this tool. Now they 
‘my not be best involved within the rearing of camel however 
involved in comerting. the byproducts into beneficial 
merchandise and market them (Faraz etal. 2019 3), 


Camel Benefits 


Pakistani camels are widely known and renowned for their 
ability to produce milk Lactaion period of 270-540 days and 
well-known mill production tiers ranging from 1300-4200 
liters, Marecha is likely the world's best milk yielder with a 
‘mean milk yield of 4179 ltrs per month. ln parts of terrible 
foxder/fecd and in barren region situations, reports showed 
that the regular production is about 4 ltesfday and most 
heavy camel breeds cin also produce 35 liters constant with 
the day: Unlike ether domestic species, the camel ean keep 
tan average yield for along term (ata minimum for 365 days) 
by providing suflicient water and feed requ 
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‘Camel Production Frafie 


‘The milk of camel is superior tothe milk of several domestic 
species because itis richer in minerals, fat and vitamins, 
particularly vitamin C, and protein. It is far wealthier in 
‘mineral phosphorus and comtains numerous additives 
‘(Konuspayeva et al. 2009; Konuspayeva et al. 2011). The 
‘self of camel milk is better because it has better contents 
‘of protein that accomplish a repressive. movement in 
‘opposition to pathogenic bacteria. So, miki rectly sold in 
vital disinfected situations even at high temperatures (Faraz 
cecal. 2018 3). 

Up-to-date farming techniques allow for commercial dity 
Ihasbanry of eamels, particularly i areas of the Thal and 
Thar deserts and Cholistan rangelands. The milk from 
camels is consumed raw or made into yogurt. Camel milk 
dnas particular special preferences, and Pakistan camels in 
prarcular possess all of the outstanding dairy abilities that 
‘make them fantastic dairy animals (Faraz etal. 2019). With 
the day-to-day farming practices of camel it can deliver for 
forthcoming food production systems, particularly in semi- 
arid, arid, mountainous, and barren regions (Faraz et al 
2017). Normally for Pakistani camels, the milk production is 
2020 kg with an average daily yield of § ke which is far 
better than countries lke India, Somalia, Tunisia, Algeria 
and Ethiopia where it i about 4-6 kg on an average (Faraz 
tal. 2013). 

Like ‘many unique breeds of cate, camel calves have 
‘wonderful growths (Faraz et al. 2017; Faraz et al. 20186). In 
Pakisun, the ancient use of camels is typically for 
slaughtering purpose while oly a few castrated camels are 
employed for fattening purposes. During Eud-ul-Ezha, 
Muslims joyfully slaughter camels hecause they are a 
‘valuable resource and they can sll them for avery high price. 
Opportunities exist for export to Egypt Saudi Arabia, Libya, 
the Gulf, and particular Arab states, In Pakistan, specific 
slaughterhouses slaughter between 100 and ISO camels every 
da. The meat of eam is eating up as sparkling, in minced 
shape, and furthermore in sausages and barbecues. The taste 
is much like meatboet from catle. The quantity of protein 
‘minerals, and ash is equal to that of eatle meat: however, the 
‘meat of camel contains very esser amount of pds and extra 
‘water contents, The dressing percentage may 0 up 10 60 
‘with alo of healthy meat (Khan etal 2003), 

‘An allt camel typically produces 1-3 kg of hair per year and 
these hairs are used to make ropes, carpets. luggage, mats 
and blankets. Additionally. it produces exceptional wool, 
particularly the frst bers sheared from newhorn calves, is 
‘used to make blankets Saddles and shoes are made from their 
hides at the same time. The usual fee for its coverage is PKR. 
3000-4000, but occasionally it can he as high as PKR S000- 
7000 (Khan etal. 2003: Fara etal. 2013) 


Mantle Role as Food Resource 


‘The camel has ended up nicely to be referred asa great snimal 
in barren land conditions. Now the animal is playing vital 
feature in several atmospheres, Camel gives valuable food 


snd hasa weird feature inside the food chai. Ithasthe supply 
fof meals to the people living inthe harsh weather especally 
to the deep abandoned poplation of marginal areas wherein 
there's immoderate competition for feed among animals, I 
has the capability to carry out and thrive well within one’s 
<limates wherein even the survival of numerous cate species 
is difficult as the production is involved. Those virtues have 
‘sven the animal an eager significance that it could be the 
future need to bridge the tiumpbing food scarcity for the 
population, Pakistanis not an exception to the exchange, in 
tvich the notion “deliver of the barren place” has. bocn 
shifted to “food protection animal” on bebalf of camel, Carmel 
{sof top importance and has a fantastic supply of meals and 
socioeconomics in deserts and mountainous areas. Camels 
met the keen requirements of milk and meat of human 
beings and because of this it serves as a meal's safety agency 
within the region (Fararet al. 2013), 


Conclusion 


fn conclusion, the camel hat an extreme significance and 
‘contributes a key part inthe people's socal livelihood as well, 
8s in the environment of arid region It a satisfy the milk 
and meat needs of pastoralists, nomads, and rural inhabitants 
‘Therefore, itis by far the hest candidate for food protection 
in changing climates in the environment ofthe desert as well 
asin many Eco zones, 
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INTRODUCTION 


The human population is snowballing and developing into 
‘modem societies. The surounding ‘of humans” extemal 
factors including living and non-living objects or materials 
is called the environment. (Seinfeld 1989) The environment 
‘nas been divided into physical (water. soil air. housing. 
radiation, etc.) biological (Plans, animals, microbes). and 
social factors (norms, values, culture, income, habit 
‘ccupation} Excess of elements in the environment is called 
pollution or contamination. Modemization is a significant 
fuse of environmental contamination. Modern 
industalization converted farms into urbanization and 
industrialization. (Karpa and Castanas 2008) The combing 
clfccts of indusrialization and urhanization exacerbate 
environmental contamination, which causes deleterious 
effects on human and animal health. Environmental 
{contamination is a worldwide issue since the beginning of 
the 20% century. But, developing counties face more 
problems duc t6 less control of developmental plans and 
their implementations. (Kramer ct al. 2021) Rapid 
population growih and inadequacy of resources boost the 
‘Situation, The most dominant elfet of pollution is water and 
air pollution, Human health is mainly dependent ca the 
«environment, (Xie and Zhu 2020) 


History of Environmental Contamination 


Before 1000 CE coal was used as fuel, and the conversion 
fof coal into gases was probably the first human actin that 
destroyed the surrounding. AL the beginning of the 17" 
century, the era of industalization and urbanization started 
‘which was the major source of congestion, (O'Neill etal 
2003) The proliferation of the population boosts the 
situation in the environment. By the end ofthe 20h century, 
pollution became a global problem. After the World War Il 
fhe Tapanese faced health problems, because of post-war 
cnvironmental effects, and radiation exposure These terrible 


lfects lasted many decades but, they made plans to 
‘evacuate the situation and emphasis on environmental 
‘control strategies (Mayer 1999) 
In 1962, environmental safety precautions started at 
international level for balancing the pollutants in the 
‘environment. In 1972 the UN conference on humans and 
their environment facilitates a wider survey to assers the 
environmental contamination (Bai and Ogbourne 2016) 
Table 1 shows various histological events regarding 
environmental pollution. Ecological maintenance means 
‘environmental health, which includes primary prevention of 
‘diseases and improvement in quality of lfe.(Martins 2010) 
Essential elements include water, ai, and sanitation. More 
than 2 billion people in the developing world have no access 
oa safe environment, The’ allsinment of healthy 
environment i more complicated in the current situation 
(Briggs 2003), 
1955 first Federal Control Act had passed to control and 
restrict the pollution by authorized state and local agencies 
In 1967 Air Quality Aet passed to check, maintain and 
measure the pollution causing agents and their contol (Sun 
2020). In 1970 Environmental Protection Agency passed 
Clean Air Act 10 deal with new industrial cities” near 
popolated areas against plants to protect environmental 
‘contamination (Khan and Ghouri 2011), 
“Majer Environmental Polutions involves 

‘Air pollution 


L 
2. Water Pollution 
3. Land/Soil polation 
4. Noise pollution 
Air Pollution 


Presence of introduction of substances, whieh cause heal 
hazards inthe buman, animal, and other living lives known 
as air pollution. There are diferent sources of these 
pollutants, most importantly atmosphere is sometimes acts 
asa sel-pollutant (Seinfeld 1989) 
i.” Primary air pollutants 
Exhaust or chimney of the factory and suspension of dust 
particles from indastrial areas are major sources of primary 
pollutants (Calvert and Englund 1984). 

Secondary air pollutants 
Secondary air pollutants form when different primary 
paticles present in the air chemically react with each other 
in the atmosphere, the most common example is azone. 
which aries. from different chemical toxins pollutant 
(Redekep 2010). Those pollutants which are present in 
_stscous form in the atmosphere. I¢ may be a small molecu 
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TRGO-TOTH Chemical expose inthe environment thrgh inhalation 


‘Use uf weapons created congestion inthe populate ets 
i Exposure orton, lear weapons we 


145-1970 Urbanization causes congestion incites 
stuted dough1070-2000LaWs to reduce pelluion 


‘having ability to cross filters and ean be inhaled through 
respiratory system. These gases are major sources of upper 
respiratory tract infections such as Asthma, bronchitis, 
allergic thinitis cc. It includes carbon mono-oxide and 
nitrogen dioxide ete (Burke et al. 2005). 

- Particulate air pollutants 
‘A solid form of pollutants presents inthe air but in very low 
‘quantity. These pollutants cover the wide range in the 
atmosphere. These smaller particles may be 1-3 micrometer 
in diameter (Perce etal. 1998), 
iv- Local-scae pollutants 
‘Some pollutants cr particles having very short lifetime and 
may convert into other substances, ‘These are cally 
‘countered but po countries have no resources o encounter 
these particles. For example biomass for fuel, buring of 
coal produces gases and solid particles (Peirce etal, 1998) 
‘- Urban Seale Pollutants 
Some pollutants significantly produced ia urban 
communities which i highly produced by traffic. It includes 
nitrogen oxide, free lead, cadmium ete. These pollutants 
hhaye longer lifetime and say in. ir, which causes 
respiratory and ophihalmie disorders (Hirsh 2014), 

- Global scale pollutants 
‘Accumulation of pollutants leads toward. global damages. 
Pollution is now a worldwide problem (Alloway and Ayres 


‘The atmosphere extends into several layers and surround 30, 
‘km above the set level. Man, directly interact with §-10 km 
hove tea level, Air movement, climate, temperature, 
liluion, and dispersal of almosphere more significantly 
[known as topography. The diffusion of pollutants into the 
air is highly dependent on these factors. Topography may’ be 
‘dominated by mountains, igh buildings where it became 
calm and weak. Pollutant tend to concentrate because of 
fopographical factors which causes breathing zone 
dliculties (Giesy et al. 2010) 


Sources of Air Pollution 


Ar pollation considered into two major categories 

4) Natural air pollutants which include wind-blown dust 
voleanic gases and ash, natural radioactivity, pollens, 
gases from natural decomposition and Ozone-depleting 
layers (Hirsh 201), 

ii) Manmade air pollutants are industrial pollaunts, 
automobiles, combusting processes, plans, aerasol cans, 
incinerators, petroleum refineries, steam generation and 


‘copper smelting. All these sources major contributor of 
air pollution (Vesilind etal. 2013), 


Classifications of Air Pollutants 


Air pollutants can be classified into two categories, One is 
the origin of pollutants and the second is the state of 
pollutants (either liquid, solid, oe gaseous} 


() Particulate Pollutants 


‘The pollutants in aliquid or solid state are considered larger 
than a molecule or vapor. They dispersed in the form of 
scrosolized particles like smoke. fumes, dist haze, and fog 
‘The size of these particles varies from I micrometer to 100, 
micrometers. Fine particulates settled down too slowly, 
while heavy settled easily (Onlitzky et al 2011), 

‘The mictallic emission produces trace elements such as 
mercury, lead, cadmium. zinc, selenium, manganese. and 
nickel. These heavy metal evaporators cause mutation in 
_genes and produce carcinogenic effects (Xu et al. 2018) 


(i) Gaseous Pollutants 


‘The release of gascous substances into the air directly 
interacts withthe human respiratory system which produces 
deleterious effects, Most” of the” gascous pollutants 
‘originated from the combustion and industrial process 
Gaseous. pollutants can be divided into organic and 
inorganic pollutants. (Burke et al. 2005) 


Organic Pollutants 


‘Onygenated organic compounds are 


i) Alcohol 
li) Hyper oxides 
il) Aldehydes 
iv) Ketones 


¥) Cyanogen chlorides 
vi) Bromobenzyl cyanide 
vu) Dimethyl sulfide 

vii Acetones 


Inorganic Pollutants include 


i) Paraffin (Methane, Ethane, Octane) 
ii) Acetylene 
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ii) Oletins (Ethylene, butadiene) 
‘Aromatics (Benzene group, Toluene, Benopyrene) (Dourish 
2010) 


Indoor Air Pollution 


Indoor air pollution contains a variety of contaminants 
‘which ie majorly categorized into physical, biological, and 
chemical pollutants. These contaminants arise from multiple 
resources. Indoor pollunts categorized into two groups. 
‘One is most commonly causing discomfort and acute illness 
and. second that causes chronic illness or carcinogens 
(Dourish 2010), Micro-organisms causes acute allergic 
reactions, If it remains persistence it will convert ito poor 
chronic health. Indoor pollutants classified into i) 
‘ccupational activity i) wood combustion ii) construction 
‘materials iv) furnishing v) garages. (Xu et al. 2018) 
Temperature and humidity eects the contaminant’s 
saturation. Elevated temperature boosted the volatile organic 
contaminants in the ai. Humidity aggravates particular 
‘matters and release of heavy matter inthe ai (Fayiga etal 
2018). 


‘Combustion Process and its Effect on the 
Environment 


‘Combustion proces isthe most common source of indoor 
air pollution. Kerosene. wood, coal, and oil generally 
produce a grea quantity of pollutants. These substances 
Produce suspended particles in the air which are 
contributing to respiratory problems, Table 2 depicted the 
amount of emission per milligram per hour during the 
combustion process (Edwards 2013). 


Air Pollutants Responsible for Air Pollution 


More than 120 substances are responsible for air 
contamination and health hazards including carbon 
‘monoxide, nitrogen dioxide, sulphur dioxide as organic 
substances while inorganic substances include arsenic lead, 
inc, photo chemicals, chloride, fluoride, mercury. benzene, 
asbestos, ozone, chlorine Muorocarbons, and. other 
radioactive compounds. ‘The combination of smoke that 
reacts with suspended particles inthe air form smog (Khan 
and Ghouri 2011). 


Carhon monoxide: The most common and widely 
listributed air pollutant produced during the process of 
‘combusting of il, carbon materials, industrial heating 
‘generators, automobiles, hospital incinerators and ether oil- 
‘hased machinery. Incomplete fossil fuel burning produced 
carton monoxide, The concentration of carbon manoxide is 
[redler in urban areas, The reason behind the high saturation 
‘of carbon monoxide in heavy vehicles, trafic high density, 


and emissions from small industries. Spikes occur daring 
the evening hours in cites. t directly influences humans by 
producing carboryhemoglobin, The high concentration of 
‘sirhon monoxide altaches to hemoglobin in replacement of 
‘oxygen, which leads to multiple health disorders (Briggs 
2008), 


Lead: Second most common and most dangerous micro- 
pollutant is lead, Free lead predices from automobile fuel 
fcombaston, The degree of lead pollution varies from 
‘country to country. Lead pollution is more saturated in 
developing countries, while developed countries use lead 
filters and lead-free petrol (Downs 2016). Another most 
‘common cause of lea exposure is the smelting and mining 
‘of lead that creates pollution locally. Lead pollution in 
‘children causes behavioral changes or growth retardation. [a 
audalis, it causes lung disorders and skin ivitations (Mayer 
1900 Briggs 2003) 


Hydrocarbons: Manmade activities and machinery 
producing excessive hydrocarbons. It releases inthe 
‘enviroament leads to hydrocarbons pollution. Automobiles, 
coal and combustion, incineration, and local industries are 
liable for contamination of hydrocarbons. ‘These 
hydrocarbons react through a photochemical process and 
produce smog (Berty 1977), 


Sulphur dioxide: Sulphur comtainy in multiple forms 
including HS, H:SO, and SOs Sulphur dioxide is a 
colorless gas that is exereted from industrial fuels, coal 
buming. motor vehicles, and domestic wood! fires. Sulphur 
dioxide causes respiratory disorders, istation inthe eyes, 
asthma, chronic bronchitis, coughing, mucosal secretion. 
tnd lower respiratory infecions. More than 10) minutes of 
direct exposure to SOs causes dyspnea and tachycardia, 
Sulphur dioxide combined with water and produce HsS0. 
Which is the major component of acid rain (Ren et al 
201), 


Carbon dioxide: It is not considered a pollutant, but 
anthropogenic activities produce more carbon dioxide 
thrash the combustion process. It doesnot take part in any 
chemical reaction because itis a natural constituent. High 
carbon dioxide raises the temperature of the earth (Moldan 
tal. 2012), 


Cadmium: In the steel industy, cadmium and zine 
produces during the process of incineraion. As tobacco 
‘contains cadmium, smoking raises the level of cadmium in 
the environment as well as in human lungs causing lungs 
damages (Azam 2018). 


‘Oxides of nitrogen: The burning of coal, petrol, and the 
process of electricity generation produce nitrous oxides, 
‘which are responsible for a reduction in lung functioning. 
and growth (Malhotra eta. 2013), 
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‘Table 2 Indoor combustion emission of pollans (Eswards 2013) 
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Particulate matters: It isthe complex mixture of organic 
and inorganic substances, including particles larger than 2.5 
mm but small and fine particles less than 25 mm. 
Particulate produce in the process of burning fossil fuels, 
fand industrial incineration. These particles reduce the 
‘growth in plants and bronchioles destruction in humans 
Chronic exposure 10 particulate matter causes 
cardiovascular diseases as well as respiratory diseases. Its 
majorly responsible fr lung cancer (Bilen et al. 2008) 


Measurement Methods of Air Pollution 


‘Quantitative analysis isthe effective and easiest method to 
assess the quality of air, Accurate sampling after study 
‘design sets a criterion for control, Sampling locaton isthe 
‘most important step to evlute the actu contaminants of 
the area. For example, in a cross-section following 
calculation is used to calculate an accurate sample size 
(Bask etal, 2018). 


‘Measurement of Gases: A probe fitted with an integral 
filter is used to collect samples. This filter removed the 
prrtculate from the air as well a& minimizes the loss of 
‘gnscous substances. Cooling methods are generally used for 
calletion of samples, The knowledge of molecular weight 
land the actual velocity of gaseous substances is necessary to 
collect samples. There are following methods used to 
evaluate or analyze the gases amount inthe at. 

Major gascous constituents are 

i) Carbon monoxide 

li) Sulphur dioxide Sulphur trioxide 

ii) Nitrogen dioxide 

iv) Hydrocarbons 

Photochemical oxidant (Long etl. 2021) 


Chromatographie analysis: Sampling ean be done through 
the collection inthe glass or plastic bag. Following factors 
should be considered during the evaluation 
1 Specificity (the instrument's response to other 
stbstances encountered inthe sample) 

Precision & Accuraey 

Stability 

Sensitivity 

Sampling average ime 

Relithilty and esonomic feasibility 
1 continuous monitoring, there should be further 
‘emsideration 
Zero calibration and drifting 


paneer 


Response, lag, rise, and fall time accurate changes 
> Ambien temperature nd humidity 

Maintenance requirements 

Machine readable format to check data output (Gémex- 
Puerta etal. 2021) 

“The standards of air quality assessment have heen described 
in Table 3 


‘Measurement of Particulate Pollutants 


“There are diferent methods to measure the particulates in 
the air The commonly used methodology includes i) sizing 
of particulate i) mass measurement ii) opacity 


‘Sizing of particulate: There is no single unit of measurement 
fof a particulate size, Size can be measured om the hasis of 
linear dimension, projected area. suriace area, volume, and 
mass, Some micasirements of paricultes are mention 
the Table 4 By using the physical sizing method, the 
purticulate sizes determined (Khan etl. 2019). 


‘The Effect of Trace Elements on The Human Health 


Well-being and human health ar largely dependent on the 
surrounding environment. Multiple researchers working on 
the relationship between humans and the environment Irom 
the last two eenturies (Khan and Ghouri 2011). Human 
health is majorly affected by ‘numerous eavironmental 
factors, including what a person drinks, ats, lives. and 
breath? The environment provides energy to humans in orm 
‘of water, ir, food, and exposure to sunlight. When there are 
rmicro-coataminanis in the air, water, food, and sunlight it 
wsll produce an imbalance in the metabolism or normal 
mchanism of action in the human body. Significantly 
Pathogenic microbes are responsible for the disease process 
(Schweitzer and Noblet 2018). On the other hand, various 
human inventions and activities are also boosting the disease 
process. Occupational stressors in industrial cites disclose 
the hazardous material produced in drinking water 
contamination, nose pollution, high temperature, poisonous 
chemicals, pesticides, ferlizers, and pressure leading to 
pathological conditions (Bashir et al. 2020) 


Anthropogenic and Environmental Challenges 


Population explosion, progressive economic developments, 
natural resource depletion, industralizaton, sil degradation 
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‘Table 3: Sundar foe Air Quality Assessment (Levy and Marans 2012) 


Tir Quality stanlas Retaoace 


Palani Trerage ne Wet 
Sulpter Diode Shoursor 34 hours Pararsailine Colonmetne 
Cubon Monoxide hour Sours Spectrometry Iatrared 
Hydrocarbons hats (Gas chromatographic Flame ionization 
cone 1 howe Spectrometry gas-phase Osethyene Chenuluminescence 
‘Nivogen dioxide __ Annual 2 Whours iterated samples in alkaline solution Colvin 


“Table 4: Contaminants mewn (Levy nd Mans 2012) 


Pace sng and ssocted stamens 


Property measured “Method 


Sis Appeaoaay 


Leng Optical microscopy, 5-200 
scanning electron microscopy. Transmission of ection 

Volume Elect esitivity 

Mase Sedimentation, Cemrifuge, impaction 

Surface rea Gas adsorpion (0.001 m/s and up 

Cosas Volume Xety faction ‘015.0050, 


deforestation, urbanization and modification inthe 
temperature cycle are anthropogenic. All these “human 
activities have influent eflecs on the envireament. Process 
fof continuous natural environmental modifications, the 
transformation of natural resources into profitable anficil 
‘resources leading towards health hazards (Bashi etal. 2020) 


Anthropogenic Effects 


Global climate ehanges: The modification inthe 
covirmnment has a mere significant impact on climate 
change. Extreme weather conditions, glacier melting, zone 
‘depletion, inerease in the amount and numberof gases and 
UV ‘radiation due to chlorolurocarton threatens human 
health and enhances the progression of diseases in human 
(Lan tal. 2012) 


Invasion of exotic species: Manmade activities near the 
cristal line are directly associated with fisheries and marine 
lie. The production of commercial fisheries results in the 
changes in environment of coastal life. The production of 
‘marine food at the commercial level leads to diminishing 
‘genetic diversity and extrinsic fertilization also deteriorates 
marine life (Rathore and Nallet 2012), 


Eutrophication: The structural changes in the ecosystem 
ddue tothe enrichment of water by nutrient salts and other 
pollutants is called “eutrophication. Eutrophication is 
responsible to increases the algae, and aquatic plant, which 
are directly affected by fish species and marine food 
(Ammeanu et al. 2018). 


Use of fertilizers: Unethical practices in agricultural land 
cause the accumulation of pollutants, and chemicals in the 
fenvironment, Those pollutants are responsible for lung 
cancer, skin cancer. intestinal diseases, and congenital 
abnormalities (Asako 1979), 


‘Accumulation of Wastewater into Drinking Water 


Sewage and industrial wastewater are discharged into water 
reservoirs, ce drinking water, which are responsible for 
Viral, bacterial. and fungal infectious diseases in bums 
‘Aluminum, phosphorous and heavy metals causes 
indigestion, stomach abnormalities, intestinal obstruction, 
and cancer (Dandachi el. 2020) 

Chemical hazards: Exposure to chemicals leads to the 
chronic disorders such as allergic reactions, high blood 
Pressure, immune system disorders, nervous system 
tlisorders and carinogenic effects, Some chemicals used in 
industries such as methyl mercury, arsenic, lead, an toluene 
dlirecly affected on fetal development and can cause 
Iutagenic, teratogenic. and carcinogenic — problems. 
Exposure to the chemical environment, acids, vapors, and 
fumes are considered as bomb exploding sjmbols for 
Pregnant women. DNA mutation is responsible for 
‘congenital disorders, bin defects, early lite malignancy. 
tumors, bose marrow cancer, and serotal changes (Ader 
1995), The causative environmental factors of various 
diseases have been described in Table $ (Khopkar 2007), 
Long-term exposure to chemicals even at the minimal level 
interrupted the nervous system, and act like a venom for 
human leading to lose of electrochemical message and 
behavioral changes ccurred. Hormones are chemicals 
(natural) that are responsible for human betuvior, internal 
body mechanisms learning pattems, reproductive cycle, and 
‘certain cardiovascular. and respiratory rhythms. Hazardous 
‘chemicals disturb the endocrine functioning. normal 
hormonal pattems, cardiovascular disorder, and respiratory 
depression lames and Card 2012), 


lopieal Hazards: Biological substances are major health 
threats to humans involving healthcare workers. laboratory 
workers, contact with animals, exposure to pathogens, and 
infections. Thre are four groups unde ceasieration of risk- 
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“Table 5: Biological Containants and their causative Environmental faces 


Disses 


Catstive envionment 


Dias seus apa STAT Wo 
Measles, Pemssis 

Dengue yellow fever, Chagas disease, ishmaniais 
Ej and ska ifectuons 

Tetanus 

Respir wae disorders 


Basi sanaton of wa 
Across, overcoming. 
Veato-bare, lack of sanitation inappropriate personal hysiene 
‘Water plltion, inappropriate sanicston 

Accidental injtiee 

Contaminated ai (chemical, biological contamina) 


-Tanags an ewageaccumaaon To GTAIDg Wa 


Group 1. Microbial entities, that are unlikely to cause 
diseases in humans, 

Group 2. Microbial entities, that ae likely to cause diseases 
in humans, 

Group 3. Agents that cause various infectious diseases and 
-nazardous to human health 

Group 4. Agents having’ serious pathogenicity with no 
available treatments (Vennemo et al. 2020) 


Bioterrorism: ‘The use and transmission of ink 
agents in a concentrated urban population for mass-level 
Pithogenicity and deaths are called bioterorism, It is a 
cheaper and mast-level destructive biological weapon in 
fcomparivon with nuclear weapons. COVID-19 is also 
considered a biological warfare (Kobiala. and Hyysalo 
2015). Many countries spent billions of dollars on the 
development and preducing biological weapons. 
Recombinant DNA technology is used to develop biological 
agents (Dolk and Vejheid 2003), 


Physical Hazards: The release of energy in various forms 
that causes harm with of without contact is considered as 
‘hysial hazard. It includes: 

1 "Noise: The mest common and extreme physical hazard, 
that damages the ear drum, long-term exposure to noise 
leads to deafness. Noise is also. responsible. for 
cardiovascular disorders, hypertension, behavioral 
changes, and the eduction of erythrocytes in the serum. 
{(Kassinis etal. 2016) 

ii) Vibration: In industrial cities, modern machinery 
produces vibrations at a larger scale, which is the 
biggest cause of workplace stressors thal affects the 
‘whole body. (Watson etal. 2012), 

ii) Pressure: Above and below atmospheric pressure pose 
health hazards which is associated with certain 
‘occupation suchas diving, aviation, et. High alitude is 
affiliated with decompression and high-aliude 
sickness. 

iy) Radiations: Electromagnetic radiation causes severe 
tissue damage at a larger scale. It is also a major 
contributor to cancer and gene mutation. (Litle et al 
2016), 


Extreme temperature: Working under ery high or 
fieczing temperatures causes depression in the body's 
‘normal functioning, which leads to pathological conditions 
(Saxena etal. 2003) 


Global Warming and Human Health 


Global warming causes climate changes which rise the 
floods, famines, extreme heat waves, and de-teezing of 
Glaciers. The earth's biosphere releases and absorbs the 
‘gases like carbon dioxide, methane. and nitrogen dioxide 
wich are significant parts ofthe atmosphere and weather. 
Anthropogenic activities medify these biogenic greenhouse 
‘gases and release methane in higher quantities. The release 
ff chlorofluoracarbons depletes the ozane layer and is 
responsible for the greenhouse effect. The greenhouse 
gasses affect the atmospheric temperature and climate 
Change. It includes COs, nitrous axide, water vapors, 
‘chlorolluorecasbons, methane, and other trace clements, 
‘Causes of global warming include fossil fuel burning. coal, 
Petroleum, natural gases deforestation and use of fertilizer 
(Shore and Shemesh 2016). 


Effects of global warming: Heat waves produce extreme 
debydration and death in older adults with respiratory and 
feardiovascular disorders, Heat stroke, pulmonary 
malfunctioning, cardiovascular collapse, allergic reaction, 
and phlebitis occur during the heat wave (Kim et al 


Control and Prevention of Air Pollution 


Air pollution contol should he considered under total 
technology control system and environmental control 
system. ‘There shoul be some important measures at the 
imtemational level to prevent further damage to. the 

‘environment and reduction of air pollutants (Hueting 2010), 

Following measures need to be taken to reduce air polation: 

‘The prokibition of open buming or single chamber 

Low emission fom transportation by using electric 
transport or less use of facl-hased transportation 
(O'Neill eal. 2002), 

Air control rules and regulations on the application of 
zoning ordinances that eause the sourees of ir pollution 
to be located or distributed to minimize the effect of ai 
polation, 

‘7 Trmposition areal limits om emission rates that have been 
driven by air quality standard requirements (Seinfeld 
1989), 

Air polation zoning can be legally applied to prohibit 
new industries, expand oa existing industries, and 
liquidste non-conforming industries and harmful 
industries Jeswani etal 2020), 
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Toxic Trace Elements 


Reduce the hydrocarbons!lead emission from vehicle's 

bby converting fuel into gaseous fuels i) Liguid natural 
s» (LNG) 1) liguid petroleum gas (LPG). It will 

reduce the particulates inthe ar 

Improvement in operational practices such as food 
processing. storage of raw material. good sanitation, 
drying of residuals, grinding, minimization of local 
heating, and modification of incinerators into. mult- 
‘chambered incinerators (Oshaldiston and Schott 2012), 

¥ Gravity setling chambers! centrifuge separators in 
industries to prevent particulates pollution (Riffat etal, 
2016) 

‘The adsorption process can reduce the gas elimination 
in the aie directly. Certain adsorbant can be used such 
a activated carbon adsorb vapors of gases, Benzene 
adsorbed by Hexanol. 

Condensation is another process of liquefying the gases. 

Waste management and waste reduction are also useful to 

ccantrol contaminants (Stem 2018). 


‘Smog is the combination of smoke and fog, which was 
coined in 1908 in United Kingdom, The word smog is a 
Portmanteas of the twa words, Fog is visible aerosol 
‘which consists of water droplets, ice crystals and pollutants 
suspended in the air. It is also considered as low-lying 
clouds (Mishra 2017). There are multiple contributing 
factors, includes temperature, wind, sunlight, and pollutant 
sguies. ‘The chemical reaction formed in i952. the city 
London experienced longer episode of smog. which was 
called killer smog (Briggs 2003). There was increased 
‘morbidity and mortality reported during that outbreak in 
1952, The combustion of eal produces smoke than 
combines and causes deleterious health issues. In Pakistan, 
Bangladesh and India free smoke ejected in the air by the 
‘combustion process of coal and burning of fossil fuels in 
last two decades. The air quality comprised and caused 
Incalth problems. It was observed tha, particulates level and 
‘ize increases to 10 ym in dameter to 3000 yg! m3. In 1952 
it was 30 yx) m3 andin 2002 it became double. (Tilman and 
Clark 2014) The blanket of smog in industrial cites and 
agriculture land surrounded from last decade in_ winters. 
(Chemical reactions occur between key pollutants in the air 
{All ct al 2019), The excessive pollutants are volatile 
‘organic compounds and nitrogen oxides whic interact with 
hhyiaxy, ezone, and nitrates. The main sources of these 
pollutants are emission coal fire power plants, traffic 
‘missions, burning of fossil fuels and eruption of volcanoes. 
These activities directly or indirectly contsibute to the 
production of PM 2.5 which is main precursor for smog 
Production, Globally, the occurrence of smog has been 
Teported in many major cites around the worl! includes 
Lahore, London, Delhi, Mexico, Los Angeles, Tehran, and 
Beijing. The significance of smog and health elfects of 
stiog stare to altract attention sine 1952, Nave it's a well- 


‘known pollution around the world but dificult tackle the 
pollutants (Dupont et al. 2016). 

‘Air pollution is one of the most significant environmental 
femncerns in recent decades. The situation has been 
worsening in Lahore, the provisional capital of Punjab 
Lahore has a 4 Se annual growth rate of economic and 
Pakistan’ largest and most populated cites, Inthe latest air 
‘quality index Lahore ranked one of the most pollute cites 
in dhe world, Lahore ranked 6%, Karachi ranked 16* with at 
‘quality index points 170 and 155 respectively: 


‘Types of Smog and Constituents (Dong and 
Hauschild 2017) 


1. Classical Smog (London type) 


‘The compositin of classical smog is the mixture of smoke, 
fog and sulfur dioxide, which act as reducing agen. 
Classical smog also called reducing smog. Commonly in 


2. Photochemical (Los Angeles type) 


Photochemical smog also called summer smog is the 
‘chemical reaction of sunlight, nitrogen oxides, and volatile 
‘organic compounds in the atmosphere. This reaction leaves 
slthome particles and ground level ozone. Photochemical 
smog dependent on primary pollutants and produces 
secondary pollutants such 2s peroxyacetyl nitrate 
tropospheric azone, and aldehydes, 

Haman health compromised due to smog. It causes eye 
imitation, skin irritation, allergic reactions, breathing 
dlisorders, asthma, COPD. skin cancer, and breathlessness. 
Although smog have temporary health hazards, but 
‘continuous exposure to smog leads to chronic disorders 
(Ones and Dilchert 2012) 


Noise Pollution 


‘An unpleasant sound that disturbs physiological and 
psychological paramtcers is called noe. Noise afects with 
dllfeent ways on the people. Noise levels can be measured 
in decibels. The human ear can detect @ range of voice 
Pressure, ce mechanical movement (0 dB to 140 dB). The 
‘vibration transmits the voice from different mediums. The 
26°" century was described as “The Century of Noise” 
Noise is considered an important stres factor in the urban 
Population, There are two important properties of noise 
‘wich are contributing to stress and dealness. Noise level of 
more than 60) 4B atfects the human eardrum and cochlea 
‘Continuous exposure to loud voices disturbs humans 
physically and psychologically. It will also influence the 
‘quality of life and impairment of work performance. 
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“able 6: Levels of wise in dierent es (Duo an Haul 2017) 
Diferet Area's Maximum Minimum 


Commercial 
Residential 2 a 
Quite Region 7s 3 
Indust & ms 


‘Table Difezeat Equipments noise (Olah et 2020) 


fouschold Equpmctt ‘Note decked 
Vacuum cleaner 70 
‘Washing machine ™ 
Refrgersto 45 
Normal conversation a 
Whisper 0 
(MP3 player muse volume Ios 
Lava mover 45.90 
Gomera equipment 

detake-oft 10 
Train 10 
aektamnner ho 
Thunderstorm 10 
Boom o-i20 
Heavy atic is 
Menoceycles % 
Siena 0 


Health and safety regulations are more stringent worldwide 
to provent noise pollution. Anthropogedic noise is almost 
‘an omnipresent environmental stestor, There are 690 main 
types af noise potion: 

1 Iotermitent 

2 Chranic/ frequent (Scoy and Tjerdema 2014) 

‘Table 6 depict the minimum and maximum levels of noise 
at diferent areas and Table 7 shows the noise level of 
‘various household equipment’s. 


Effect of Noise on Human Health 


Long-term exposure to environmental pollutants leads to 

‘physical, and mental disturbance which ultimately converts 

to chronic illness. Physical problems include: 

1 Cardiovascular disorders: Continuous exposure to 
noise more than 60) dB) causes hypertension and 

cardiovascular disorders, 

Endocrine responsiveness: High-intensity noise ruses 

adrenaline and norepinephrine, which increases. the 

stressors in the bal. 

4. Paychiatrie disorders: Exposure to noise changes the 
Ihuman normal responsive behavior. As stressor 
increases in the body. coping and challenges solving 
ability reduces. 

mnitus: Loudness causes tinnitus in the human eat, 
‘which affects mental heals capabilities. 

5. Some industrial workers reported nausea, vomiting, and 
‘ther physiological problems 

6. Deafness: High-intensity noise for long-term causes 
deus, 
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7. Sleep disturbance: Noise reduces the sleep hours, 
Felaxation and deep sleep is ultimately compromised 

8. Reduce work performance: Industrial workers’ 
pesformance reduces with longer exposure to vibration 
nd nose (Lambert etal. 2012: Thangavel and Sridevi 
2016), 


How to Reduce Noise Pollution (Morelli 2011) 


Noise pollution is unavoidable in cities, bot it can be 
avoided in many places. 


1. Reduction of appliance noise: Indoor noise including 

washing machines, dryers, vacuum cleaners, fans, and 

fther clectrical equipment produces a ncisy 
environment. The reduction af equipiment's noise wil 

Fede overall nose pollution, 

Reduction of noise from media voice: The loudness of 

television, mobile videos, ratio, and video games voice 

should be reduced t control noise pollution. 

3. Repair old machinery: old machinery produces his 
pitch and volume. Repairing may reduce the volume 
and pitch 

4. Soundproof: Insulating strategies may reduce noise 
polation, 

S, Far protection: If noise is unavoidable, ear protection 
is necessary sues as earplugs or earmulls 

16 Create more quiet time: Try to repute a noise-free 


Land /Soil Pollution. 


7. Heavy metal toxicology is associated with potential 
tosicity in human and ecosystem. It is identified that 
several correlating factors are responsible for sol 
contamination (Bini 2010). There are multiple sources 
fof these contaminants, which ae responsible for human 
tosicity including agrochemicals Le. fenilizers, 
pesticides, inappropriate isrigation, surface runoff, 
mineral extraction, industrial waste disposal, waste 
sludge, livestock manures and atmospheric deposition 
(Gao etal. 2016), 


Land /Soil Pollution 


Heavy metal toxicology is associated with potential toxicity 
im human and ecosystem. It is identified that several 
correlating factors are responsible for soil contamination 
(Bini 2010), There are muliple sources of these 
contaminants, which are responsible for human toxicity 
including agrochemicals ic. fertilizers, _ pesticides, 
inappropriate irrigation, surface runoff, mineral extraction, 
industrial waste disposal, waste sludge, livestock manures 
and atmospheric deposition (Gao etal. 2016), 
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‘There are multiple disorders directly associated with 
contaminated land which include skin rash,  comeal 
infection, gastrointestinal disturbance, Asthma and cancer. 
Soil contamination can be prevented sthrough proper 
‘measures such as law enforcement, industrial “waste 
‘management, and. restrict the usage of inappropriate 
fertilizers to reduce the soil contamination and its toxicity 
(Bin 2010) 


Conclusion 


Population explosion around the world is responsible forthe 
development of tic environment in the form of gases and 
industrial explosion. Minor toxic clements are mainly 
responsible for health hazards, Human, animals, and plants 
fare massively affected by these pollutants. Its causes 
‘multiple diseases including depression, respiratory. 
‘hematological, cardiovascular and neuromuscular disorders. 
‘The misuse of land, inappropriate agricultural peactices, and 
explosion of plastic are not only dangerous for human but 
also for aquatic life. Law enforcement, proper agricultural 
Fractces, industrial and urbanization control can reduce the 
‘environmental toxicity 
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INTRODUCTION 


Mycotorins are fungal metabolites that are formed in cereal 
‘crops and pose substantial risks to both human and animal 
hnealth. ‘These are very dangerous and unavoidable food 
pollutants (Amaike and Keller 2011). Mycotoxicoses are 
fcule and chronic toxic diseases caused by mycotoxins, 
Their clinical characteristics, target organs, and. prognosis 
rely on the mycotoxins inherent toxie properties, the amount 
and period of exposure, ar well as the exposed person's 
‘overall health 

‘Aflatoxin, deoxynivalenol, ochratoxins, zearalenone, and 
fumonisins are common in underdeveloped nations and are 
generated by a variety of fungal species including 
Penicillawn verrucosum, Aspergillus flavus, Aspergillus 
‘ochraceus, Aspergillus parasiticus, Aspergillus nomius, and 
Fusarium spp (Vili-Donat et al, 2018). These fungi infect 
harley, wheat, corn, peanuts, cotton, and a variety of other 
commodities. causing immunotoxicity. hepatotoxicity 
‘nephrotoxicity. and teratogenicity in animals and humans 
Amaike and Keller 2011; Abdallah et al, 2017). When 
there is high ambient temperature and moisture, fungal 
srowth and mycotoxins are produced. Other variables that 
Contribute 19 prodaction risk include incortect storage, 
shipping, harvesting, and processing techniques (egaki and 
Tsunoda, 2018). It has atacted interational attention duc 
to economic cost in terms of animal production, commerce, 
sand human health. The globe is now dealing with a food 
Salty crisis. and a number of studies have been undertaken 
to address this issue by informing consumers about food 
salty issues (Rebougas eta. 2017: Kwol etal, 2020), 


In 1945, the US Food and Drug Administration (USFDA) 
fstablished 8 disgnostic laboratory to monitor feed 
‘contamination with mycotoxins and assure a toxin-frce dit 
The Food and Agriculture Organization (FAO) and the 
World Health Organization (WHO) play major roles to 
Frevent contamination by providing consumer education, 
‘Mycotoxins cannot he destroyed via cooking. The only 
‘option to obtain mycotoxin-fee food is to use madera food. 
Processing techniques such as Hazard Analysis Critical 
Control Points (HACCP) and good manufacturing processes 
(GMP) (Maldonado-Siman etal. 2014), When mycotoxins 
are formed in crops, they have a direct detrimental influence 
fon farm animals and can cause major health problems in 
‘human beings (Yang etal. 2020), 

Mycotoxicoses fave historically been common in mild 
ones, and today they are mostly scen in tropical areas. The 
‘lohal danger of mycotoxicoses i increased by international 
trade in foods from tropical nations. Medical professionals 
should at least he aware of the clinic symptoms of the 
most widespread mycoloxicoses, even though it is 
‘unrealistic for them to he able ta diagnose mycotoxicosis in 
44 single paticnt, This chapter aims to provide background 
information on mycotoxicoses aswell sa clinical overview 
‘of ane healt triad. 


Mycotoxins’ Effects on Animal Health 


‘There are several forms of mycotoxins that have diverse 
pathogenic and immunological impacts on animal species. 
Listed below are the brief description of all pathogenic and 
immunological effscts on human beings sand all other 
animale, 


Effects of Zearalenone on Animal Health 


Fusarium (F) molds (Fusarium gruminearum, F 
‘aulmarwn, F. crookwellense) cause damage to wheat, oi, 
Sorghum, and barley and generate Zearalenone (ZEN). F 
‘eraminearum isthe primary producer of ZEN. In 
‘agricultural animals (cattle and sheep), it possesses 
estrogenic action. Zearalenone and its metabolites (a 
2earalenol) bind to the estrogen receptor and induce a range 
‘of reproductive isues duc to their structural similarities to 
estriol (McCauley eta, 2017). ZEN was related with 
feminization, decreased libido, lower blood testosterone 
levels, decreased testicular weight, and altered 
spermatogenesis in boars (Mirza Alizadeh eta. 2022). In 
pigs, ZEN poisoning caused vulvovaginitis, fetal morality. 
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anestrus, reduced LH and PA production, delayed post- 
‘weaning sts, and promoted germinal epithelial 
degeneration (Imran et al. 2020). Another study indicated 
that ZEN toxicity resulted in decreased conception rate and 
ler size, as well as hypertrophy of the vulva, uterus and 
ovaries in piglets (Grenier et al, 2019). ZEN toxicity in 
cattle resulted in reduced milk output, sinferiity. elevated 
‘Serum estrogen concentrations (Liu and Applegate 2020), 
aad lower conception rate, Reticed testosterone levels in 
blood and sperm counts were seen in rats (Sadeghi eta 
2020), but in mice, chronic estrous and sterility (Pécs 2019), 
‘genotoxicity. and hepatocellular cancer were discovered in 
ZEN toxicity (Ruan eta. 2022), 


Effects of Ochratoxins on Animal Health 


[Molds of the Aspergillus and Penicillium species generated 
fochratoxin-A (OTA). The principal species that generated 
(OTA were Aspergillus (A.) ochraceous, A. sclerotiorum, A 
‘melleus, A. sulphureus, and Penicillium (P.) verrucosum 
(Han ct al, 2018). Multiple foods are naturally 
contaminated with OTA, including cereals, almonds, cocoa 
‘heans, cassava flour, peanuts, dried fruits, chicken eggs, and 
‘milk (Kumar etal. 2018), In aatural setting, 50% of cocoa 
hheans and 22% of cocoa powiler were found to be 
contaminated with OTA (Maciel et al, 2018). The 
toxicological effects of OTA varied amongst poultry species, 
However, it s nephrotoxic to all animals and itis most likely 
to be himuful to humans. OTA is also known to be 
hepatotoxic. neurotoxic, immunosuppressve, tertogen, and 
carcinogen (Zi et al, 2017) 

‘According to reports. OTA causes oxidative stress in 
‘human kidney-2 cells, which regulates the translocation of 
transcription factors such as the aryl hydrocarbon receptor 
(Ab) and the pregnant X receptor (PXR). By modulating 
cytochrome “enzymes (CYPIAL and CYPLA2), OTA 
activation of Ahr and PXR causes immunosuppression, 
renal damage, and malignaney (Zhang et a, 20226). The 
first epidemice of achratoxicosis were discovered in laying 
hhens, broiler chickens, and turkey birds. Clinical symponis 
reported in turkey include reduced feed intake, a low FCR. 
fant a higher death rate. Nephritis and mild hepatitis were 
the pathological lesions. In broilers, there was a decrease in 
growth rate, a low FCR, nephrotoxicity, and ai-sacculitis. 
Reduced egg production and nephritis were reported in 
laying chickens (Imran et al, 2020). In cases of 
‘ochratoxicosis, necropsy findings include swollen and pal 
yellow kidneys, as well as a yellowish and friable liver. 
Vacuolar atrophy and megaleucocytosis of liver ells, 
biliary epithelial hyperplasia, and hypertrophy of proximal 
‘convolted tubular epilil cells ofthe Kidney are among 
the microscopic abnormalities (Tahir etal, 2022) 
According to Kumar et al, (2020), OTA is more 
‘nephrotonic than hepatotoxic in boilers. OTA also infects 
other organs, causing spleen, thymus, and bursa shrinkage 
as well a lymphocytic depletion. I has also been observed 
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that OTA has a deleterious impact on bird performance, 
hhematology. biochemistry, and the immune system in 
laying hens. 

In pouliy, OTA reduces the weight of immune organs 
(bursa and spleen), the quantity of antibodies (Ig, IgG, and 
IgM) carried by immune cells, and they “react 10 
‘phytohemagelutinin (PHAP) (Khan et al, 2017). It reduces 
hhematological parameters (RBC count, WBC count, PCV, 
HB) and causes ancmia in White Leghor Cockerels. It 
lowers blood total proteins while inereasing serum alanine 
transferase, urea, and creatinine (Orinya etal, 2016). There 
‘vas no severe OTA heal issues reported in eal fed with 
naturally contaminated OTA feed. In ane investigation, 
‘wheat contamination with OTA (390-540 w/kg) and AFBI 
(12-13 pike) had no significant toxic-pathological impact in 
12-week-old calves (Shida etal. 2022). Cattle may degrade 
vp to 12 mghkg hody weight of OTA (Hashimoto et a. 
2016), Calves die after being fed with 11-25 me OTA/ks 
body weight orally. For cattle, the fatal dosage of OTA is 
greater than 13 mg/kg body weight when administered 
rally (Ricci et al, 2020). According to a study. it 
contaminated feed (48 /kg) causing feed refusal, reduced 
‘milk output, and retained fetal membrane in dairy cate, 
however na signs or symptoms were detected in bect cat. 
‘Ochatosicsis is uncommon in small ruminants (sheep and 
goats). However. consuming an OTA-contaminated food 
‘over an extended period of time as negative heulth 
consequences (Malekinezhad et al, 2021). OTA typically 
Sffecs the kidneys in dags and cats’ At the dose of 0.2 to 3 
‘mglkg, it ean cause vomiting, anorexia, increased thirst, 
polyuria, ataxia, and death. Tubular epithelial degeneration, 
Ihemorthagic enteritis ofthe large intestine, and necrosis of 
lymphoid organs (thymus, spleen, lymph nodes, and lymph 
nodes) are all pathological lesions (Gan etal. 2017) 


Effects of Aflatoxins on Animal Health 


‘Aflatoxins are poisonous substances produced by certain 
Aspergillus (A) species (A flavus, A. parasiticus, A. 
hnomius, A. arachidicala, A. bombycis, A. pseudotamari, A 
Iminiscleronigenes, A. rambeli), which afe found all over 
the world and pose serious health issues in animals (Pereyra 
etal, 2020), Aflaioxins are classified as BI, B2 (generates 
hue Muorescence) and Gl, G2 (emits green fluorescence) 
(emits green fluorescence). The liver is the principal target 
of aflatoxin BI (AFBI) vulnerable animal species. The 
Imetabolic activation of AFBI is strongly correlated with 
Cytochrome pS0, which are expressed in the liver. This 
CYP converts aflatoxin to reactive 8, 9-epoxide that c 

bind to DNA and protein. AFBI-DNA adducts cause G to T 
trans version in the tumor suppressing gene p53, which is 
linked to liver cancer (Mungamuri and Mavudirs 2020). 
Pyrexia, anorexia, and malaise are early signs and 
symploms of allatoxicosis, and as the disease progresses 
the animal has stomach discomfort, vomiting, and 
hepatomegaly. Acute aflatoxicosis is less common (Al- 
Ruwaili et al, 2018: Kyel et al, 2020), but it has 
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carcinogenic and immunosuppressive consequences in the 
chic stage (Qian eta. 2016) 
‘AFBI reduces the production of IL-3, which has ant 
inflammatory properties, and promotes the release of IFN- 
xB po and TNF-a from natural killer (NK) eels, which 
speeds up the inflammatory process. AFBI's 
immunosuppressive function is due to a decrease in the 
ability of antigen presentation cells (APC) of dendritic cells 
(Mourad et al. 2017). AFBI causes more cancer episodes 
‘than the ers (Shalt etal, 202 
‘Aflatoxin has  haemful snd cancerous effect on oth 
fanimals and humans. ‘The scute poisoning reslls in 
‘momality (Martins etal. 2018). Chronicity is characterized 
‘by immunosuppresson, the development of neoplasms, and 
1 disorders In birds, fishy nonhman 
primates, ‘AFBI causes’ necrosis and 
‘degeneration ofthe hepatic parenchyma, The frequency of 
allatoxicoss is determined by a variety of factors, including 
the animal’s breed, species, age, diet, and overall health 
(Alvarado etal, 2017). Broilers are much more resistant 10 
allatoxicosis than some other poultry birds (Kraiesk eta 
2017), AFBI is also known as the “silent killer” since i is 
fan incvitable pollutant whose continuous pollution causes 
toxicopathological consequences. Acite aflatoin poisoning 
results in decreased feed intake, decreased feed conversion 
ratio, changed natural behavior, immunodeficiency, 
hepatomegaly. nephritis, altered hematological parameters, 
ani overall impaired performance. The chronic alatoxicosis 
thas been linked to increased blood urea nitrogen (BUN), 
reduced total protein and lipid levels in broiler bird serum 
(Rashidi etal, 2020), It exhibits toxicological effects in 
animals, using a variety of outcomes such as acute liver 
injury, liver cithosis, tumor induction, teratogenicity, and 
other genetic abnormalities. Aflatoxicosis is mostly a liver 
disorder (Afum et al, 2016) causing gastrointestinal 
problems, reduced milk supply. immunosuppression 
‘anemia, and. liver damage. AFBI conversion 10. its 
metabolite AFMI secreted by dairy cows in milk makes 
nursing animals more susceptible to infection (Frazzoli et 
al, 2017), Many researches on the carcinogenic effets of 
‘AFBI, APMI, and AFGI in yarious animals have been 
‘undertaken (Yilmaz and Bag 2022) 
‘Sheep have a higher resistance potential to allatoxine 
(Cammiller et al. 2019). According to a research, AF- 
contaminated feed (2.5 mg/kg) causes hepatotoxicity, 
‘nephritis, altered mineral metabolism, and a reduction in 
plasma mineral (Vila-Donat eta, 2018). Another research 
‘with the same dosage results in increased fibrinogen 
‘ncentration (Rastogi etal, 2022), Alvarado etal, (2017) 
tdscovered that AFB contaminated feed (38.4 g/kg) caused 
‘hepatomegaly, nephritis, and bile duct hyperplasia in horses. 
Depression, jaundice, lameness, and morality were the most 
common clinical indications of aflatoxicoss, Other 
sympioms of horse aflatoxicosis include subewtaneos 
blceding, intestinal lesion. kidney problems, liver necrosis. 
and cardiac lesions (Kembai eta, 2020) 


Effects of Fumonisins on Animal Health 


Pumonisin Bl and Fumonisin 82 are carcinogenic metabolites 
‘of Fusarium (F) vercilliider and F. prokiferatun (Nassit 
ct al, 2018). Because of its neoplastic activity in rats, 
fumonisin BI is more hazardous than fumsonisin B2, and it 
also induces horse leukoencephalomalacia (Reman et 
2022). Fumonisn inhibits the enzyme sphinganine-N-acetyl 
‘wansferase, which is involved in sphingolipid metabolism, 
‘using an increase in sphinganine and sphingosine as well 
fas a decrease in sphingolipid complex. which is a widely 
acknowledged explanation for fumonisin toxicity in most 
species (Abdel-Wahhab et al. 2018). Fumonisin toxin has 
‘heen shown to impact several organs in chickens, calves, 
pigs and horses. including the intestines, bran, liver, and 
Tungs (Chen etal. 2021), 

Ie causes pathological lesions on the liver and other internal 
organs, swollen beaks, cerebral edema (Chen et al. 2016) 
and hemorrhages in the subcutancous and hepatic 
parenchyma (Rodriguez-Bertos et al. 2020). Clinical signs 
that are dose-dependent in broiler chicks include slower 
‘weight gain (Saleemi et al, 2020), but in layer birds it 
‘causes diarhea (Dadheech et al, 2016). In equines it eauses 
leuko-encephalomalacia, malnutrition, incoordination, lungs 
and brain edema (Wangia 2020) liquefactive necrosis of 
‘white matter, cerebral cortical lesions, hypersensitivity. and 
lath Junker eta. 2020). Fumonisin caused liver and renal 
inflammation in ovine at doses eanging from 11.1-45.5 mg/ 
Jeg body weight (Cimbalo etal 2020). Fusarium mycotoxins 
impact cow reproductive activities by altering granilosa ci 
srowth and steroid synthesis (Allonico eta, 2017) 


Mycotoxins and Human Health 


‘Mycotoxicosis occurs in humans asa result of eating fungal 
contaminated food, and it can be acute or chronic, 
‘epending on the length ofthe condition (Anal etal. 2021), 
Fusarium species were implicited in multiple human 
epidemics of mycotoxicosis prior to the discovery and 
pplication of current milling procedures, Between 1932 
fant 1947, Rassians suffered from alimentary toxic-alllui, 
‘which was characterized by mucus membrane hyperemia, 
esophageal discomfort, inflamed larynx. trouble breathing 
GIT inflammation, and ataxia. This was atibutable to the 
consumption of infected cereal grains with | F 
sporitrichoides and F. poae (Miligevi etal. 2016) 

‘Aflatoxicosis mostly affects the liver, resulting in hepatitis 
‘nd jaundice, which can lead to death. In Kenya, India, and 
Malaysia, several episodes of the same kind of ailaonicosis 
(hepatitis) were detected in various years (Kamala et a 
2018). APBI has been related to liver eancer in conjunction 
‘with the hepatitis B virus and is a human carcinogen (Rindi 
etal. 2018). There have heen several reports of AFBI being 
linked to hepatocelislar cancer in conjunction with HBV 
infection (Chu etal, 2017). This is because ofthe prolonged 
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exposure to a low dosage of AFBI. In China, around 
250,000 individuals died trom liver cancer. and further 
‘analysis found that the consumption of AFBI was a 
contributing factor to HBV infection (Kumi et al, 2016). 
Ocheutoxin-A causes nephropathy and renal eatcinonsa in 
animals, but its consequences on fumian health are not well 
‘understood. Research revealed that OTA contaminated feed 
‘was linked to human disorders such as chronic interstitial 
nephritis (CIN), Balkan endemic nephropathy (BEN), and 
‘ther renal malformations, however the mechanism has not 
‘been thoroughly investigated (Stiborova et al. 2016). 
Consumption of fumonisin-contaminated “sorghum and 
‘maize in India caused food poisoning with stomach 
discomfort, borborygmi, and diarthea (Achar and 
‘Sreenivasa 2021), In humans, IARC categorized fumonisin 
BI az a Group 2B carcinogen (Organization 2018). 
Fumonisin poisoning has also been linked to lower folic 
‘acid abyorption and” neural” tube developmental 
abnormalities in rural populations who fed contaminated 
‘maize in specific areas of North China and South Africa 
(van Goo! et al, 2018). Fumonisn toxicity has also been 
connected ta esophageal cancer in China as a result of 
fumonisin-contaminated feed intake (Chen et al., 2018) 
‘Trichothecenes have also been employed as a biological 

ent, T-2 toxin was employed as germ warfare in ‘yellow 
in’ against the populace of the Democratic Republic ofthe 
Congo from 1975 to 1981 (Jung 2016). Similar biological 
‘warfare chemicals, such as DAS, nivalenol, DON, and ZEN, 
‘were identified from water sources and leaves in aflcted 
areas of Cambodia (Anal et al. 2021). Toxicity from 
zearalenone (ZEN) and deoxynivalenol (DON) have been 
recorded in the United States. Australia and Japan, leading 
to gastrointestinal symptoms such as nausea, vomiting, and 
dliarthes. Zeaalenone has also been shown to be bizardous 
to human and animal  gametogenesis and embryo 
development (Liu eta. 2018). 


Occurrence and Toxicity of Zearalenone 


Fusarium fungi produced zearalenone mycotexins, which 
‘contaminates cereals and food stuff throughout the word. 
ZAE. shows reproductive disorders in laboratory animals 
dnd also cause low acute toxicity. ZEA mostly occurred in 
cereal crops and foodstuffs around the world including 
Europe, Asia and Africa (Rai ea. 2020) 

ZEA toxicity causes a limited effects on human health, but it 
‘an cause hyper estrogenic syndrome in humans. According 
to studies, high level of ZEA present in serum of children 
‘who were suffering in idiopathic puberty. ZEA could be the 
possible cause of early puberty in children as maize and 
their products are more prone to ZEA (Rai etal, 2020) It 
can also affect endometrium nf women having reproductive 
disorders, leading. to estrogenic effects. Occurrence of 
‘esophageal and breast cancer has also been reported from 
diferent parts of the world (Belhassen etal. 2015). Fig. 1 
illustrates the absorption, metabolism and distribution of 
Zearalenone in differen parts ofthe body 
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Pumonisn is produced from Fusarium verticillisides, and 
fumonisin BL is mostly found in nature (Robert etal 
2017). According to human Epidemiological studies, 
‘esophageal cancer could he du tothe consumption of com 
‘rains which contains fumonisin in South Africa, Italy and 
(China (Braun and Wink 2018). 

Pumonisins are competitive inhibitors of sphinganine and 
sphingosine N-acyltransferase. It inhibits enzymes which 
Fraduces a disruption of sphingolipid metabolism. I 
Increases sphinganine and sphingosine and decreases 
‘complex sphingolipids inthe serum and tissues of animals 
(Pierson et al. 2016). It ean cause drthea and abdominal 
pin if the intoxication is acute and their chronic exposure 
«an cause esophageal cancer (Smith 2018) 

“The exposure of fumonisin has also been linked with neural 
tube defect in many species including humans. Due to the 
inhibition of the fumonisin enzyme, this action is strongly 
related (lin eta, 2021). 


Aflatoxin 


Aspergillus flavus, A. parasiticus and A. nomius produce 
‘secondary metabolites called aflatoxin which is highly toxic. 
‘Mostly wheat, walnut, peanuts and tree nuts are infected by 
these fungi. I can cause serious issues to human and animal 
‘ncalth by causing varius complications like hepatotoxicity. 
teratogenicity and immunotoxicty (Kumar etal. 2017). 
‘Aflatorins can cause damage at molecular level sich as 
DNA mutation, postirnslational peptide chains 
modification, proteins and nucleic acids methylation and 
formation of fe radicals. Aflatoxins have eancerous eects 
and occur frequently in food, that's why these are 
continuously examined in some groceries and agricultural 
products (Kowalska eal. 2017). 

Acconding to recent evidence, aflatoxins ean be determinant 
fof stunted child growth and lower cell mediated immunity 
that's why increases discase susceptibility, However, since 
this is only a temporary relationship, more research is 
needed (Gong etal, 2016), 


Ochratoxin 


cheatoxin i¢ produced by different fungi including 
Aspergillus Ochraceus, A. earbonavius, A. Niger and 
Pencil verrucosum. It is found in large variety of 
‘agricultural products such as cereal grains, deed fruits, wine 
and cofiee (Ropejko and Twaruzek 2019), OTA involve in 
the pathogenesis of some renal diseases like Balkan 
endemic nephropathy, kidney tumors occurring in Balkan 
Peninsula, Chronic’ interstitial nephropathy occurs in 
‘Tunisia and other countries in North Altica (Malir et al, 
2016). 
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Fig. 2: Diagrammatic epeseatations of Ochtoxin A (GTA) pathway’ and invacllular pathological effects. OTHQ: Hydoxy! Quinone 
Otusioxin OTB: Dechlornated ochrsoxin LIPOX: Lipopeokidation OH; hydronic atic ROS: Reactive oxygen spies, NOX: 


Nivogen oxide, 


In animals, ochratoxins involved in detrimental effects, suet 
as renal neuronal, immuno and embryonic toxicity. There 
‘may be unexplored fungus species where the occurrence of 
(OTA may be atwibuted (Kore et al, 2021). Fig. 2 shows 
the diagrammatic representations of Ochratoxin A (OTA) 
pathway and its intracellular pathological effects, 


Impact of Mycotoxins in the Environment 


Globally, there isa greater focus on air pollution. Mold is 
‘one sich contaminant that may be found not just outside but 
falso inside environments with excessive dampness. 
‘Mycotoxicosis is a multdisciplinary problem that requires 


the participation of environmentaiss, medical and 
veterinary professionals, agricultural engineers. plant 
pathologists. analytical chemists, and agronomists. Ie occurs 
in both developed and developing nations when social 
{environmental and economic factors combine with climatic 
conditions (temperature and humidity) that encourage mold 
{evelopment (Dragan et al. 2019), 

‘Mycotoxins nd agricultural product contamination Auctuate 
from year to year, based on the environment and handling 
circumstances. Multiple research projects have been 
conducted to invesigute the negative effects of fungus- 
contaminated environments, particularly fusarium, on the 
‘respiratory and cutaneous systems Ochratoxins (A,B, and C) 
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and trichothecenes (1-2) are two significant classes of 
‘mycotoxins that have been detected in food and. water- 
damaged structures and have been inked to substantial health 
problems in humans (Ratnaseelan et al, 2018). It has been 
‘limed that wrichothecenes can be produced at S0)-fld the 
{eancentraton of spores normally seen inthe air of polluted 
buildings (Awuchi etal. 2021), causing multisystem effects 
in those who ae exposed (Ratmaseelan etal. 2018), 

(Climate change has a substantial impact on food security. 
such as toxigenic fongus infection and contamination with 
‘mycotoxins. Acclimatization of mycotoxigenic fungus and 
synthesis of mycotoxins, particularly "AFBI, appears 
‘matfected by climate change, leading 0 ongoing 
contamination of animal feed and human food, culminating 
{in major health problems in animals and humans (Sadiq e« 
al. 2019). 


Major Environmental Mycotoxin Sources 


(Climate change is mestly responsible for the AFBI or ZEN 
contamination of maize and wheat harvests (Gruber 
Dorninger etal, 2019). The amount of mycotoxins in the soil 
‘is determined, how they get there, whether drcetly or through 
contaminated straw (Zhang etal. 2022). Additionally. after 
runoff or rainfall, mycotoxins will move from agricultural 
areas to surface waters Juraschck eta, 2022) 

(Crops that are contaminated by mycotoxins are turned into 
feed, which is subsequently consumed. by animals or 
‘humans and discharged into the environment after digestion 
lis contamination persists in animal and human excreta 
resulting in a substantial source of secondary environmental 
pollution (Zhang eta. 2022a) 

‘About 50% of Aflatoxin BI, 20% of ZEN and 37% of 
DON will be expelled in feces, acconling to sampling 
evidence studies done to determine the level of mycotoxins 
in animal feces (Zhang etl. 2022a). 


Aflatoxin 


In nature, there are more than 20 different forms of 
aflatoxins including their derivatives. but only four, types 
‘namely BI. B2, GI, and G2, hye been shown tobe harmful 
to both humane and animals, The main Aspergillus stains 
thot generate AFs, or furanocoumarin, are A. flavus, A 
parasiticus. A. nomias, and A. pseudotamarii (Riuly etal 
‘020),The most cancer-causing and thoroughly researched 
‘AP is aflatoxin BI (Benkerroum 2020) 

‘APM is a -hydroxy derivative of AFBI that is produced 
in the liver and secreted into milk by human and nursing 
animal mammary glands that have consumed AFBI 
contaminated food. AFBI is convened into aflatoxin BL 
9-epaxide (AFBO), which has both exo und endo isomer, 
in the liver via the cytochrome PASO enzyme system (CYPs) 
(Cao etal. 2022), 

‘Acute aflatoxicosis causes morality. however chronic 
‘exposure causes cance, immtunnsuppression and pathological 


‘One Health Wied 


problems tht take time to show. Chronic aflatoxin exposure 
resaces DNA replication in the hone marrow, which results in 
low cll counts (Benkerroum 2020), 


Ochratoxin 


Mycotoxins are toxic secondary metabolites produced by 
some fungal species. As per reports, more than hundreds of 
‘mycotoxins have been discovered so far (Gizachew et a 
2019). 

Ochratoxin A, Ochratoxin B. and Ochratoxin C are the three 
varieties of cchratoxins that are classified based om thie 
chemical makeup (Wang et al, 2022) It is hard to aveid 
fochratoxin because i is present in many dietary products, 
‘Studies show that ochratoxins da not pose a serious harm to 
the general public's health. The most common species in 
food are A. ochraceus. mesophilic xerophile species A. 
styenii and A. westerdijkiae, which can be dangerous before 
and after harvest in cereals, fruits, coffee, cocoa beans, and 
‘nuts. Ochmtoxin is primarily produced by A. chraceus, 
‘which can grow in environments with temperatures between 
8 and 40 degrees Celsius, high water activity (aw) values 
between (19 and 99 and pil levels between 3 and 10 
(Gizachew etal, 2019) 

A. ochvaceur can also produce toxic metabolites like 
penicilic acid, viomellein, vioxamthin and xanthomegnin. 
‘Ochrstosin found in many topic and sub-tropic foods such 
afresh fruits, dried fruit wine and some vegetables (Wang 
etal 2022), 

‘Animals ean be infected through feed and humans through 
beverages and food. Ochratoxin enters in the circulatory 
system through gastrointestinal system. It has higher afiity 
‘with serum albumin and proteins so it accumulate in organs 
‘of human and ania (Yang et al 2 


Aflatorin, ochratoxin, zearalenone, and tichothecene 
‘mycotoxins are of lesser concer than fumonisin because of 
their frequent presence and possible harm to human and 
animal health (Wangia-Dixon and Nishimwe 2020) 

‘Abalone fed with fumonisin-contaminated feed demonstrated 
that the toxin leached into the saltwater and affected the 
‘aquatic ecosystem. Famonosins are formed on relatively 
common seaweed abalone (Greeff Laubscher et al 2020) 
‘The major source of fumonisin production is the gene 
luster fumonisin biosynthetic gene (FUM) in Fusarium and 
Aspergillas. The expression of these genes is co-regulated, 
and the expression of the FUM genes is connected to them 
4s well (Perron eta. 2016). 

Not only the cfops, but many popular omamental plants 
eg, asler begonia, carnation, chrysanthemum, gladiolus 
tte. are mostly attacked by different Fusarium species, 
viz. F. arysporum, F.foetens,F-hostae, and F.redolens at 
diferent sages of production (Sokolovic eta, 2022) 
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‘able 1: Toxic effect iferent toxin on ae bel tad 


Type ot Study Mode Dose Rese Oral ea Tatas 
Tin Anita Type 
“AFT Rain EAST EEE BW es a Tar Osada age Twa, SOT 
‘oxidative sues and apoptosis Apoptnis 
AP Animals {Feed ake Miltpeducion (Sarat al, 2017) 
Egg production 
‘AP ier hicks $0 ant 100 pb aur Inlet bypass (Oat a,2005) 
TAL perio ons 
TASt dope degeneraon 
fay change 
ZEN Eco —"80UIng. 647mg, | Enzymes acy Deiouyingsgentin (Wang eta 2018) 
1104 Umgand 66 Ung { Batra growin feud ad fed sty 
7% nViwoandin {Oy PRWAKEMalind Ni OnaveStest and” (jon eta, 2021) 
Vive sacs Signaling Pathway pops 
ap aw 2g body wt {Moral body weighs, masenal and (tay ta, 198) 
feed imate and liter weighs Developmental xity 
{TEnbyonc roman snd 
isl dy wept 
AP oiler 211.88 gg 1 Vaca dgencratin of bps, (Shed ta, 2010) 
{ hickening nthe wal bie duct acid with 
lessee cele ination nie poral ad 
 Necrobioe changes of rel tubular psi with 
Iya of tr ake and hyper of 
‘omer 
sts of cuons 
{ newonophagia of errs news od sro of 
Pus cll ofthe cerca 
Funonsa Escetictincol 10 ppl ( etnitestin exeynes dLieeal, 20018) 
ZEN," Experimental 0. hs buklay {Changes Miri composon {Rate a 2017) 
OTA. animal” 100-120 ghgbwiday Changs metic acti 
Pa 2 way [aw 
aru : { nunotxicty 
OTA. iter chicken Soya [amine reponse (Casale Logs 
{ Depresion fa plagoctls Sos) 
OTA Labanimals 100-120 pfighwiday —_ Nepotnne ltumes) {Rat otal, 2017) 
OTA albino sats S0ppbOTA.sn425 ppb egenraton, (Hasan eal, 2021) 
Zone {anno spaces 
{ intitaon of phosytes 
{ vascular congestion nd ero 
ZEN Baclys ——*1.200.1,047 2022 apr ZEN infeed ad levi the aden effet of (Weta, 202) 
make! ZEN torpaet. 
ZEN Pas 10 pp ypreensogeic syndromes Rogowsa a, 2019) 


7; incase [decrease AFB: Aflatoxins B ZEN: Zeaafenone OTA: Oshaiosin A FBT Tanonisa BY ALT alanis wansaninase ALP: 


alatine phosphatase AST: Aspartate Aminouanserase 
Zearalenone 


When zearalenone (ZEN) (a substantial family of 
imycotorins that is classified as a xenoestrogen) binds to 
estrogen receptors ina manner similar to that of natural 
cstrogens, it causes variety of reproductive. problems, 
‘including hormonal imbalance (Sobrabi eta, 2022), 
Zearalenone. a mycotoxin produced by fungi of the genus 
Fusarium, widely exists in animal and human food (Han et 
fl, 2022), Because of its toxicity and estrogenic action, 
2zearalenone can grow in fresh flowing water. disrupting the 
‘aquatic ecology and endangering both human and aquatic 
bot (Koei etal. 2021). 


Zearalenone mycotoxins, which inflict catastrophic effects 
fon the organs and remain in the tissues of animals, will be 
Produced in animal feed because of the inadequate storage 
‘conditions, Humans wil ultimately ingest these wastes 
causing serious complications (Zhang et al, 2022). 
Zearalenone i highly toxic and can affect the health of 
‘animal and humans. It also provides insight t its harmful 
flfects on human health and agriculture along. with its 
ellecive detection, management, and control strategies 
(Mahato etal, 2021). Fig. 3 shows the schematic diagram 
illustrating the effects of ciferent toxins on one health rad 
Table 1 shows the effects of diferent toxins on human, 
animal, and environmental heath 
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Fig. 3: Schematic diagram lusting the effects of diferent woxins on one health wad ie. Etfest of ochestoxin (Hassan etal, 
2016) and Aflatoxin (Qazi and Fayyaz. 2006) on humans, anima and 


eualenoue (Gao etal 2 


Famonisin (Pietro et al 


Conclusion 


“Mycotoxicosis is a worldwide food safety concer. The 
FAO and WHO expert committees examined the tisk 
analysis of mycotoxins toxicity and concluded that itis a 
‘major concer in developing countries since they can case 
serious and inreversible helth problems in animals and 
‘humans. Meanvshile. the possibilty cannot be ruled out that 
cnvironmental and. biological variables influence the 
Presence and prevalence of fungal pathogens in. stored 
agricultural products (Sarwar etal 2018). 

eis well understood that “once mycotoxins have 
contaminated feed oF food, nearly nothing can be done to 
‘eliminate them, The mot fundamental and effective method 
for reducing fungal infection at sensitive agricultural storage 
facilities is to manipulate environmental conditions. This 
‘will educe the enty of fungal-drived mycotoxins into the 
feed and food chain, ultimately reducing their negative 
‘impacts on snimal and human health. We can addres the 
shortcomings of this global one-health issue by enlisting 
‘multiisciplinary professionals and relevant authorities to 
flay enitcal roles im risk factor asessmient and mitigation, 
research gap identification, basic and applied research 
promotion, public awareness, and capacity building, 
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INTRODUCTION 


‘The demand for livestock production and their products is 
the main prospect of livestock feeds globally. This increase 
in-demand of animal feed isthe result of increasing growth 
‘of world population, Food and Agriculture Organization 
fvaluates that need for foodstuff wil rise up to 60% by 
2080, and protein production from animal origin wil 
increase by 1.74 /year from 2010-50, with beef production 
likely to inrease by nearly 70%, aquaculture by 90%, and 
diary by 55% (IFIF 2021), Mycotoxins are toxic secondary 
‘metabolites prodaced by molds naturally. Some mycotoxins 
like aflatoxins (AFs), fumonisins (Fm). ochratoxins (QT). 
trichothecene, and, zearalenone are predominant in anim: 
feedstuffs. More than S00) either regulated or tested 
‘mycotoxins have been identified (Awuchi et al. 2021) 
casing diseases to living organisms. Three fungal gener: 
‘Aspergillus, Penicillium and Fusarium produce mcotoxins 
(Bennett and Klicl 2003). 

Mycotoxin formation generally oceus in the fleld, during 
Frocessing and storage of feeds under unfavorable conditions. 
Fungal colonization, water activity and ambient temperature 
are major factors for mycotoxin production (D'mello 2002) 
‘Some ‘drawbacks with intake ‘of contaminated feed in 
livestock are low feed consumption, poor feed conversion, 
reduced body weight, greater syndrome prevalence and 
reduced reproductive capacities (Gashave 2016), causing large 
costs on economy (CAST 2003). 

[Nevertheless its very important to understand some potential 
sources of mycotoxins that contaminate livestock feeds 


Classification of Fungi and Mycotoxins 


Mycotoxin formation can occur at pre and post-harvest 
stages. Based on these two stages and climatic conditions, 
Classification of toxigenic fungi is summarized in Table 1, I 


is noteworthy that only following four clases of toxigenic 
fungi cause mycotoxins formation. A summary of various 
‘mycotoxins caused by different fungi in several feed and 
foodstuffs along with their toxigenic effects at diferent 
biological activities are depicted in Table 2 


Dynamics of Fungal Growth and Mycotoxins 
Formation 


Fungal colonization and subsequently mycotoxin production 
are generally affected by variable determinants. Some stress 
factors such as drought, poor fertilization, high crop 
densities. weed competition and mechanical damage can 
‘weaken the plant's natural defense system and promote 
‘mycotoxin formation. Optimal temperature and. water 
activity for mycotoxin production range between 20 10 30°C 
and 0.9 to 0.99aw, respectively (Table 3). Water activity 
‘oxygen content, and. surface area are the pliysical 
Characteristics of substrate, while chemical features 
including availability of different nutrients such as starches, 
i and fats, vitamins, and amino acid composition cause 
‘mycotoxin production (Zaki etal 2012) 
‘Storage fungi ean grow at a minimum water activity of 0.70, 
fav; however, waler activity for toxin formation under field 
conditions should be more than 0.85 aw (Golob 2007). 
Relative humidity between 70 to 75% and moisture content 
between 14 to 15% may initiate growth of fungal species 
like Aspergills glauews on cereal grains. pulses, pelleted 
feeds and meals from oil seed (Williams 1091). Interactions 
‘may occur between environmental factors like temperature 
and water activity for fungal growth, It means that optimum 
temperature and water activity ae interlinked and are not 
the same for some mycotoxins formation as for fungal 
‘growth, Optimum growth of fungal species like F 
verriciliides was obtained at water activity of 0.995 aw 
and 20 and 25° C temperature range, but when value of 
‘water activity shifted ta 0.98 av, the optimum temperature 
changed between 30 to 35°C (Medina etal 2017), 


Implications of Mycotoxins in Different Livestock 
Animals 


Food originated from animals and their products are 
consumed by the humans and muy coniain mycotoxin 
residues. However, in society. where consumers are main 
users, shifting of mycotoxin residues into milk and animal 
tissues from the feed should not be overlooked, The financial 
impact of mycoloxicosis in animals is many folds higher 
than morality caused doe to myeotoxicosis (Zain 2011) 
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‘Table 1: Clsifiation of wxigenic fal (D'wello 2002: Sutin 2008) 
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Table 3: Production of mycotoxins in grains at optimum 
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Effects on Monogastric Animals 


‘Monogastrics are more sensitive to toxic effects, Feed 
manufacturers should be aware that if feed analysis shows 
presence of even a single mycotoxin, itis most probable that 
‘ther mycotoxins may also be present. Different fungal 
Strains such as A. flavus and A. parasiticus eause aflatoxins 
(ABS) formation. AFs occur naturally in topical and sub 
tropical regions which include aflatoxin’ BL (AFB), 
allatoxin B2, (AFB2), aflatoxin Gl, (AFGI) and aflatoxin 
G2 (AFG2). AFBI is the most predominant in feeds and 
very effective hepatocarcinogens, Redaced feed intake, 
reduced feed efficiency, growth retardation, decreased 


appetite, anorexia, depression, low milk: production and 
immunosuppression are some effects of APs. Under acute 
conditions (at higher level) morality of animal cannot be 
ignored. AFMI which is metabolized form af AFBI can be 
transmitted to suckling piglets through milk (Prodanov- 
Radulovic etal. 2017), 
COchratain is produced by fungi of Aspergillus species in 
climates and in temperate region by 
lim species. It exerts toxigenic effects on livestock. 
and humans (Sherazi etal. 2015). Partially, in all animal 
species and particularly in monogastric animals, its principal 
target organs are kidneys. Ochratoxin A (OTA), which isa 
‘primary ochratoxin, has greater protein affinity due to which 
itaccumulates in animal tissues (Mobashar eta. 2010), 
Deoxynivaleinol (DON) is one of the most frequently 
‘mycotoxins detected in grains (Mishra et al. 2013). Infact, 
DON is also called vomitoxin because of is association 
‘with swine vomiting. DON is normally produced by F: 
‘graminearum. Animal gender. age and dose of DON are 
factors which determine sensitivity to DON toxicity 
(Hughes et al. 1999: Awuchi et al- 2021). Presence of 
relatively low microbial biomass and subsequently poor 
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metabolism of DON in stomach of monogastic animals is 
the major explanation for ther higher susceptibility towards 
DON (Maresea 2013). 

"T-2is vey tic and is produced by F, ricinctum. ls primary 
targets in swine are immune system and GIT because of rapid 
cell division in these sites (Marin et al. 2013), 

Zeatalenone is one of the important “mycotoxins of 
Fusarium species which is stable at storage and shows 
tolerance at high temperature during processing of food 
‘Gajgcki 2002). In various studies, it has been shown that 
during. feed. processing, zearlenone was not further 
degraded and it was found in all animal feed products 
(Chang etal 2017). Therefore, concentration of zearalenone 
in dit should not be higher than 0.25 mg/kg Zinedine etal. 
2007). Zearalenone has an affinity w react with estrogen 
eceplors present in reproductive tissues and causes 
estrogenic effects (Gajgeki 2002). 

Fumonisins (Fis) ae primarily neurotoxic, but also have 
potential for carcinogenic effects. These are very hard to 
Study as they are hydrophilic and not soluble in organic 
solvents, Fis. particularly FmB1 causes disruption of 
sphingolipid metabolism by intervention of sphingosine N- 
acylirnsterase enzyme. In addition, these mycotoxins also 
affect liver function, protein metabolism and urea eycle in 
‘animal body (Richard 2007), Pigs are mostly affected by 
level of 0.2 mg FmBl/kg. In animal feed, the European 
(Commission recommended maximum levels of Fms. Some 
text is deleted in maize is 0.06 mp and its 0,008 mele 
for pigs. Fms. have a molecular stractue similar to that of 
sphinganine (Sa) and sphingosine (So), which are 
components of sphingolipids and affect Sa/So ratio An 
increased Sw/So ratio in serum trom pigs fed FmBl at 
concentrations of 25 mg/kg has been found (Galvano et al 
2005). It appears that below 100 mg FmBL/kg dit, pig 
performance is mostly affected (Suntin 2005). Table 4 
presents summary of permissible concentrations of 
‘mycotoxins in swine feeds (Gajgcki 2002; Battacone et a 
2010; Maresca 2013 Marin etal 2013; Pereira etal. 2019) 


Effects on Poultry Birds 


Almost all poultry species are affected by aflatoxicosis 
‘Continued feeding of alltoxin contaminated dicta low level 
shows some harmful effects, however. morality may occur 
at relatively higher contamination level (Dita eta. 2018), 
Comparatively, layer birds show greater resistance ta 
allatoxicosis than young birds; therefore. these birds it 
fceepted some changes should not receive contaminated 
level above 0.05 mg/kg. Alltoxins may eause reduced foed 
inuke, reduced egg size. poor egsshell, lower egg 
production and fertility problem in layer heas. Since egss 
re preferably consumed by humans and aflatoxins 
‘metabolites have been observed in egg yolks, therefore fed 
‘manufacturers should find out another alternative energy 
source for these birds raher thin corm which i more 
susceptible to aflatoxins, (Ditta et al. 2018). 


‘One Health Wied 


T2-toxin is considered to be the most potent for poultry 
sector It may induce some lesions in mouth, digestive tract, 
organs, and skin. Some other effects are low egg 
‘production, inhibition of protein, DNA and RNA synthesis 
{Akande etal. 2006). Usually. its contamination in feed is 
lou: therefore, ils immunosuppressive effects and secondary 
infections often make diagnosis dificult. During disease 
outbreak, if any modification in diet leads to health and 
Subsequently better bird performance, this may be a clue 
toward mycotoxin poisoning (Sokolov et al. 2008). 

Poultry are rarely affected by acute effects of DON 
mycotoxin under normal conditions, but under field 
‘conditions, it can cause reduced feed consumption in layers 
land broiler breeders, whick can be an indication of presence 
‘of T2toxin, However, DON with § mk in diet and even 
‘below this level ean eause reduced production, poor immune 
system and greater susceptibility to infectious dliseases 
(Murugesun etal. 2015), 


Effects on Equine 


‘Toxic effects of mycotoxins on horses are not well 
described due to unavailability of enough literature, 
however, under field conditions, their effects seem to be of 
‘greater significance. Several health problems like colic 
problem, neurological disorders, hypersensitivity, and brain 
lesions have been reported in equine as the mycotoxins 
related issues. Likewise, aggregate influence of mycotoxins 
‘resent in dit at low levels may affect feed intake. growah 
rate, fertility and respiration sate in horses. Reduced feed 
intake is reported when horses are fed on a DON 
contaminated diet at 15 mg/kg (Raymond et al. 2003). North 
Carolina University reported 100, 31 and 44% of coli eases 
in horses fed with DON, T-2 toxin and zearalenone 
‘contaminated feed. Relationship between these mycotoxins 
land colic is not understandable which needs to be clarified 
(Gomaa etal. 2022) 

‘Among Fumonisins, FmB1 at 10 mg/kg is well reported for 
lekoencephalomalacia in horses. A multifocal neurologic 
disease in herd of horses has been nbserved related to Fas. 
Equine leukoencephalomalacia, also called moldy cor 
poisoning which affects horses in particular while’ mules 
‘occasionally and causes unstiffening of brain (Richard 2007), 
Increased level of enyzmes such as sorbitol dehydrogenase 
(SDH) and gamma glutamyl transferase (GGT), causing 
liver damage in horses, has been linked with AFBI at 2 
_mglkg of dict. However, same Iterature also reports death 
‘of horses dic to consumption of AFB contaminated feed 
even at 0.3 mplkg (Riet Correa et al. 2013) 

Horses are the simple stomach animals with a considerable 
microbial digestive ability present in the large intestine 
‘Surprisingly, horses are more vulnerable to mysotaxicosis 
‘because in horse's major absorption of nutrients occurs prior 
to fermentation in small intestine compared to the ruminants 
‘where absorption occurs alter mictobial degradation in 
samen (Riet-Correa et al. 2013) 
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“Table 4: Maximum Level of mycotoxins incidence in swine feeds 
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‘Table Tolerance levels of mycotoxins in ation (gf) af horses 


incon Hanes Sas 
Allatoxin ootmars (Atined et 2017) 
Deoxynialeol (DON) 2 mg/g or min ran feed and or sould not be above 40% of dct {Ryton et 2003) 
Fonsi Shh ava maxon limit ad should no exceed 20% of the dit on DM basis, (Re etal, 1993) 
Zeseslenone {mpg had no effect on ovata Tanction (unas el. 2000) 
Toxin [Lamp det ad po lft on ovatian function (unas ec al 2000) 


Horses at productive stage, late gestation, cary lactation and 
those wed for intensive work have high energy 
requirements which are generally fulfilled trom grain 
feeding. Therefore, horses have greater exposure 10 
:mycotoxicosis in term of grain affinity. On the other hand, 
horses used for light work are generally kept on hay oF 
forage. Under poor management conditions, these feeds are 
contaminated with molds and mycotoxins. Usually, moldy 
forages are less palatable than non-moldy forages and when 
horses are fed on these feeds. they refuse feed before 
ingesting enough feed tp cause severe damage to intestinal 
tract and one of the typical examples in horses observed in 
such cases is mild colic (Gomaa etal. 2022). 

Regrettably. duc to greater palatability of grains even 
infected with molds would not affect Feed intake of horses 
‘As a rewult, horses ate most frequently exposed to 
‘mycotoxins (Skelly 2015). Some tolerance levels. of 
mycotoxins in ration of horses are given in Table 5 


Effects on Dairy and Beef Cattle 


“Mycotoxins, especialy aflatoxin contaminated feed n0t on! 
fleets animal productivity and health, but it also impairs 
mill production. It is secreted into milk as aflatoxin MI 
residues which account almost 1.7% of dietary level on an 
average. Considering the hazards of aflatoxin MI resides 
in milk, dictary level of aflatoxin contamination should not 


the more than 0.025 mkg. Aflatoxicasis in dairy animals 
resalts in reduced feed intake, loss in body weight: less feed 
Conversion ratio, reduced reproduction capacity, lameness, 
immunosuppression, hepatotoxicity, deleted nephrotoxicity 
fand eventually may cause mortality in calves at higher 
contamination level. Considering different levels of AP in 
dairy feeds and consequences reported in various studies, 
‘chronic aflatoxicosis i a threat in dairy sector (Kombo et 
al. 2020), 

In dairy animals, reduced feed intake, lower mill 
production, higher milk somatic cell counts, liver damage. 
Impair sumen fermentation and reduced reproductive 
clfciency are some ofthe associated impacts of DON. Milk 
Fraduction is reduced when DON contamination is grater 
than 0.3 magi (Charmley tal. 1993) 

‘Generally. zearalenone is characterized by estrogenic effects 
in dairy catle. Some common effects are low feed intake, 
reduced milk production, poor repreductive performance 
‘and mammary gland enlargement. This mycotoxin can also 
cause abortions in dairy animals at higher contamination. 
deleted some text. Zearalenone can be a good marker for 
mycotoxin presence in feed and its level in feed should aot 
exceed 0.25 mkg (Chang etal. 2017) 

Main effects of T-2 toxin in dairy cate are feed refusal, 
ftuxia, gastroenteritis and reduced immune response in 
falves and reduced mill. production in cows. At higher 
contamination, it causes death of animal. Therefore, a 
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practical recommendation under best conditions is that 
Contamination of T-2 toxin in rion of growing and 
lactating animals should not be more than O.1 mk. 
(Whitlow and Hagler 2010; EPSA etal. 2011) 

umonosins are the most predominant in dairy animal feeds 
therefore, their risks are very common to cate. Dairy catle 
a less sensitive to mycotoxicosis because of their higher 
potential for mycotoxin degradation in rumen. Cattle show 
{60 to 90% ruminal degradation of fumonisin. Nevertheless 
‘when degree of mycotoxin susceptibility among dairy and 
Ihef cattle is compared, it appears that beet cattle are more 
resistant to mycotoxins due to variability in feed 
consumption and reduced stress factors like calving. 
Though, microbial degradation of mycotoxins in rumen 
might he a defensive factor for cows against acute toxicity 
But even lower mycotoxin level may intermingle with other 
stressed factors to cause por reproductive performance and 
subclinical lonies. These losses have a greater economic 
impact than acute health problems but are more difficult to 
detect (Whitlow and Hagler 2010) 

Beef cattle are also affected by aflatoxins, although 
‘complications are usually less critical as compared to 
‘monogastic animals Reduced growth rate in calves and 
rectal staining and prolapsed rectum are noticeable effects 
of aflatoxins at higher level (Azag 2004). 

‘Since cattle in tropical and sub-tropical regions are usually 
fed on high roughage diets and they are fed on grain as 
supplement, Therefore, aflatoxin contamination in grains at 
‘moderate level ean occur, One ean calculate proportions of 
‘rains in total ration bused on 2.5% of BW and then 
acceptable level of aflatoin in grain. Tis can be explained 
bby an example of growing calves with BW of 272 ke 
consume about 6.8 kg of total feed (272 kg multiplied by 
25% equals 6.8 kg). Incase nf feeding 14 kg of grain plus 
forage to appetite. the grain will make up about 20% of total 
dict (1.4 kg divided by 6.8 kg equals 20%). In this case 
‘grain may contain up t0 0.5 mg/kg of aflatoxin (0.1 mg/kg 
dlvided by 20% equals 0.5 mg /kg). Based on Thumb ru 
fand. personal expertise which is usually applied in 
‘alewlation of mycotoxin level in grain portion of ration in 
tropical and subtropical zones. Gastrocatritis, intestinal 
hemorrhage, bloody fasces and immune suppression are T-2 
toxin induced effects in beef cattle. While reduced feed 
intake, reduced meat production und diarrhea are important 
clfeets of DON. Toxic effects of zearilenone are 
vulvovaginitis, embryo morality and eystic ovaries (Gajecki 
2002: Hareérovit etal 2020), 


Economic Importance of Mycotoxins Intervention 
Jn Feed and Livestock Industry 


Mycotoxins are more likely to influence almost 25% of the 
‘world's crops annually (Iheshulor eta. 2011). In developed 
counties like US ane! Canada, estimated evaluating cost of 
‘mycotoxins is about $5 billion (Madbysutha and Marquardt 


‘One Health Wied 


2019), Most of the foods and feeds are lost during 
‘manufacturing and uncontrolled sterage conditions in 
developing counties which, however, can be consumed or 
Available fr trade purposes (Aidoo 1991). One of the major 
sources of economic losses and greater management cost in 
‘animal bushandry is mycotoxins in animal feed (Adamse et 
al. 2012), 

‘Mycotoxin contamination of different fed products cause 
‘noteworthy economic issues a all trading stages. Therefore, 
‘without following the Codex Alimentarius Commission's 
{udelines for risk assessment and acceptable procedures, 
‘countries dealing” with import of these products have 
restrictions and deleted some text have adverse impacts om 
economy of these, deleting some text countries (Babt and 
Vashanti 1999). Considering level of mycotoxin toxicity 
and its prevalence in each country, mycotoxins regulatory 
limits for animal feedstuffs are variable and even in some 
counties, there are no guidelines (Charmley and Tresholm 
2021). 

Nutritional worth of forages and most of the cereal crops, 
‘and subsequently animal productivity are badly affected by 
‘mycotoricosis (Iheshiulor et al. 2011). When fungal 
infestation occurs im crops, nutrients are utlized for fungal 
‘growth, This affects animal feed intake due to redaced 
hutrients and energy content in particular and therefore, 
decreased animal productivity (Golob 2007). The economic 
losses due to mycotoxicosis include crop losses, loss of 
animal and human life, expenses of increased health care, 
and veterinary care, low animal productivity, disposal of 
contaminated foods and feeds, and cost on mycotoxins 
regulatory programs for control measures (Zain 2011). 


Risk Management: Prevention of Mycotoxins in 
Feeds 


‘Considering toxic effects and high economic losses due ta 
_mycotoxins, different risk management straegies have been 
‘stablished which mainly inlude, 

1. Prevention of mycotoxin contamination 

2. Degradation and/or detoxification of mycotoxins 

3. Inhibition of mycotoxin absorption in the 
‘gastrointestinal tract (Santos etal 2010), 


Pre and Post-harvest Preventive Measures 


Fungal contamination and mycotoxins productions in the 
crops usually occur at pre and post-harvest stages (Omotayo 
et al 2019), Control of pre-harvest mycotoxin 
contamination is getting more atention globally and some 
fadvanced technigues are being applied for this purpose. 
Breeding resistant crops, established agronomic practices to 
prevent plant stress, deleted and reduced soil fungi forming 
mycotoxins and harvesting atthe optimum stage of maturity 
fare some of the important mitigation measures for 
_mycotoricosis during pre-harvest stage (Xu etal, 2022) 
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Mitigation of kernels from insect infestation is one of the 
vital strategies t© contol propagation of A flavus and A 
parasiticus at pre-harvest stage (Loper-garcia etal. 1999), 
‘Optimum stage of maturity fr erop harvest is very important 
for later use and good quality product (Aidoo 1991), Field 
‘heat causes rapid deterioration, fungal colonization and 
mycotoxin formation; therefore. it is very necessary 0 
harvest crop early during the day at sunset time, Mechanical 
damage and delayed harvest favor mycotoxin contamination 
(Peraica et al, 2002; Kahak etal. 2007) 

Reducing moisture content belore storage is one of the 
simple and most economical means of safe  sonage 
Therefore, grains must be dried by natural conditions before 
storage. Mycotoxin problems in silage occur only through 
‘oxygen exposure, when it is aot tightly covered. It is very 
necessary to store feedstuffs at suitable temperature and 
‘humidity. Its commonly observed that the spoiled product 
at presarvest stage contains deleted a significant 
‘mycotoxins load at storage. Therefore, removing and/or 
reducing toxic effects inthe food and animal feeds, 
physical, chemical and biological detoxification strategies 
are very necessary (Pemberton and Simpson 1991), 


Physical Strategies 


‘Some ofthe important physical techniques for reducing or 
inactivating. mycotoxins in feeds are cooking. boiling, 
hnaking, frying, roasting and extrusion (Aiko and Mehta 
2015}." These’ procedures eradicale mycotoxins from 
contaminated grain products and their presence in the 
‘gastrointestinal system (He and Zhou 2010). Mycotoxins in 
feedstuffs can be degraded through hest treatment; however. 
this may destroy vitamins and denature proteins 
(Samarajeewa 1991) 

“Mycotoxins in various feeds can be extracted using solvents 
‘The most common solvents for this purpose are ethanol 
(95%), agueous acetone (90%). isopropanol (80%), hexane: 
‘methanol, methanol-water, acetontile-water, hexane 
cthunol-water, and acetone-hexane (Kabak etal. 2007). 
However, this approach cannot be used on large-scale due 
its high cost and issues of disposal of toxic extract (Rustom 
197). 

Bioavailability of mycotoxins can be reduced through 
incorporation of adsorbents into’ feeds which reduce 
_mycotosin uptake and transport to target organs, These are 
substances with high molecular weight having binding 
ability for mycotoxins in GIT. Adsorbents inhibiting 
‘mycotoxin absorption ate excreted from body through 
faeces as adsorbent-toxin complex (Santos et al. 2010). 
These do aot dissociate in GIT and prevent animals against 
mycotoxin exposure. Carbon based organic polymers and 
silica based inorganic compound are importnt adsorbing 
agents. Most commonly used inorganic adsorbents are 
‘natural clay products, and synthetic polymers (Huwig etal 
2001: Stoev 2013). Organic binders have been highly 
Proposed, because of their effectiveness against a wide 


range of mycotoxins. These are decomposable and therefore 
‘will not contaminate the environment after being excreted 
from animals. While inorganic bindets are integrated at high 
frequency as these are collected in animal manure and then 
spread inthe field and eause contamination to environment 
‘Govuany 2007), 


‘chemical Methods 


Some chemicals are very effective against reduction, 
destruction, andior inactivation of mycotoxins like acid. 
bases, oxidizing agents and reducing and chlorinating 
‘compounds, Although most ofthese chemicals are elfective 
against mycotoxins, but chemical detoxification of 
_mycotoxins is not appropriate because these often reduce 
‘nutritional value of chemically treated feeds (Abse-wahbab 
and Kbolif 2008), 


Biological Detoxification of Mycotoxins 


Biological detoxification of mycotoxins means application 
‘of microbes their enzymes and metabolites for binding and 
‘degralation of mycotoxins. The microbiota in application 
should be safe, nonpathogenic. having degradation potential 
frce of improper odor of taste and preserve nutrients in food 
(Varga etal. 2010). A diversity of bacteria, yeasts, and 
‘molds has mycotoxin degradation potential, The clue behind 
this is using enzymes precisely for breakdown of a single 
Imycotorin or group ‘of mycotoxine into’ 8 non-toxic 
molecule (Hi et al. 2016), 

Prohiotics are live microorganisms which after 
incorporation in foods, drugs and animal diets insufficient 
‘quantities exert positive effects on the host health. Probiotic 
Ihactcria ike Lactobacillar stains (LAB) have very 
‘promising mycotoxin detoxification potential. LAB bacteria 
‘use detoxification of AFBI. An assessment on five 
Lactobacillus stains including Lrhamnasus GG. L 
rhamnosus LC70S, L. acidophilus, L gasseri and L. casei 
shows that these strains have detoxification efficacy up ta 
‘80% (Haskard et al 2000) and L. rhamnosus GG causes 
0% disappearance of ZEN (E-Nezami etal. 199%). 
Similarly, L acidophilus stain (VM 20) can remove OTA. 
‘by 90% (Pachs 2008). 

‘Some actno-bacteral strains in soil have mycotoxin 
binding ability and detoxification potential. ATS stain can 
effectively detoxify OTA up to 52.61%. deleted and 
Streptomyces spp. and Aspergillus flavus (NRRL 62477) in 
‘combination can als remove AFBI and AFB2 in vitro up to 
‘TR. Lysinibacilus ssp. strain isolated from chicken large 
intestine digesta has greater removal ability of ZEN 
-mycotoxin (Nable et al. 2022) 

S. cerevisiae, a yeast strain used in food industries has 
fbllity to degrade and detoxify OTA. and AFBI and can 
decrease AFMI contents in milk (Piowowska and Zokwska 
2005). 
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Some fungal species of Asperillus can convert AFBI to 
‘AFB2 through various enzymes (Jt etal. 2016). White rot 
fungi can degrade AFSs up to 87% through laccase enzyme 
(Albers etal, 2000) while A. niger (ND-1) up to 58.2% 
(Zhang et al. 2014) through luccase and Mn-peroxidase 
(Singh and Mehta 2022), 


Conclusion 


‘Mycotoxine are toxic secondary metabolites of toxigenic 
fungi. Mycotoxin contaminated feeds affect animal health 
and productivity. Contamination of feeds may occur during 
fre and postcharvests, Huge economic losses occur 
Annually in the feed and animal sectors. Consequently. some 
‘measures are nceded to. climinate and/or deactivate 
‘mycotosins in feedstuffs. Various preventive measures for 
‘mycotoxin production and its drawbacks are heing applied 
slobally. These decontamination measures include 
biological, chemical and physical techniques. Nevertheless, 
physical and chemical methods have inadequate efficacy. 
safety concems. palatability losses, and are costly. They 
have also been condemned due to loss in nutstve value of 
the feeds, and negative effects of anim and human heath 
Using of adsorbents and microorganismslenzymes may be 
more spproprate, Further researc is warranted to figure out 
potential of biological methods at molecular level in 
‘comparison with other decontamination procedures. 


REFERENCES 


[Abdel-Wabub MA anid Kb AM, 2008, Mycotaxins in animal 
Toeds and prevention suatepies) A review. Asian Joumal of 
‘Animal Selences 43): 113-13 

‘Agag Bl, 200% Mycotoxias in foods and feeds: aflatoxins 
“Assiat University Bulletin for Envionneotal Researches 
y173208 

Abed Adan MA et al, 2017, Effects of differen mycotoxins oa 
Tuumans, cell genome and their inolvemcat in cancer. 
Oncology Reports $13). 1521-1336. 

‘Adatse Pet al, 2012. Trend Analysis of Mycotxins in Animal 
Teed, Wagcingsn: RikltInstiue for Food Safty (kit 
sepodt; 2011.17) asia of Food Safer. Wageningen, 

‘Adoo KE. 1991, Storage and preservation of tps crops. tn 
‘Soith JE, Henderon RS, eliory. Mycotoxies and.Auimil 
Faas, Boca Raton, FL: CRC Pass, 191; pp 747-76, 

‘Aiko Vand) Mehus” A 2015. Oseureace, detection and 
‘etoxiicaon af mycoruins. Joumal of Biosciences 40(3): 
94st 

‘Akane KE otal, 2006, Nutitonal and beat implications of 
‘ayeotouns ih animal feeds! a seview- Pakistan Joumal of 
Nation 5(5- 398-403. 

‘Albens JF etal. 2008. Degradation of aflatoxin BL by fungal 
Taccave enzymes. Intemational Journal of Food Microbiology 
1Bsyea7 82 

‘Awuebi CG et al, 2021. Mycowxins affecting animals, foods 
Taumans, and plants’ Types, occurence. toxics, acon 
iechanisms, prevention, and detoxfestion stnegies-A 
‘visit Foods 10(6 127. 


‘One Health Wied 


abt RY and Vashant S, 1999, Occurence of aflatoxin an is 
economic impact on bump niin and animal feed: the 
‘ew seglutios. Agriculture et Developpement 28-54-85. 

Batucone G etal, 2010. Effcts of ochrtorin A on Hivestck 
eduction. Tosias 2(7)- 1796-1824 

Beast JW atl Kich M, 2003. Mcotoxin. Cineal Microbioly 
Reviews 16: 497-516, 

CAST, 2003, Mycotoxins: Risk io plant, animal, and buman 
‘sia. Ames, Towa, USA! Agvicultal Science and 
‘Techaology: Agricultural Science and Techaology- Task 
once Rept 139, CAST, Aas 

(Chang Het al. 2017, The occurence of zearalenove in South 
‘Korean eedstfls beeen 2000 and 2016, Toxins 97): 223 

(Charney LL-and Trenholm HL. 2021. RG-8 tepustoy guidance: 
‘Contuminans in fod. Section i: Mycoroxins i vestock 
feed. a: Fact Shoot-Mycowsins. Canada: Canadian Food 
Inspection Agency. 

(Charley E eta, 1993. Influence of level of dooxyivalnol ia 
the cof dary cows on feed intake, mk production, and its 
composition. Foul of airy Science T6(11) 3840-3887 

Dwell PF, 2002, Contaminants and toxins in ata feds, FAQ 
“Animal Production and Health Paper, Assessing Quality and 
Safety of Animal eods 2002: 107-128 

Dita YA et al, 201K, Allaioxns: hse toni effet on poultry and 
‘cent advances in ther treatment Mentone Amp and 
‘Management Suateies 2018: F153 

[EFSA Panel on Contaminants in the Food Chain (CONTAND, 
“011. Scenic Opinion the sks Tor atimal and public 
oath slated to the presence of - and HT-2 toxin it fod 
au eed. EFSA Jounal 9 (12) 2881 

[ELNezan Het a, 198, Physicocenical erations enhance th 
ability of dary stains of lec acid bacteria io semove 
‘Mluoxin from contaminated media, Journal of Fos 
Protection 61: 466-468. 

Fuchs, 2008. Detsiiation of palin and ochatoxin A. two 
‘hunduat-myeotoxins, by lacie acid buciera Food and 
(Chemical Toxicology 464): 1398-1407 

CGajgcki M. 2002. Zeualenone—andesible substances infeed 
Polish Journal of Veterinary Setnces (2). 117-122 

Galvan F al, 2005. Mycotonns inthe Human Food Chai, ta 
Diar DE, editor. The Mycotoxin Blue Book. Nowingham, 
UK: Notinghim University Press pp: 187-228 

Gashaw M, 2016. Review on Mycotoxns in Feeds: Implication to 
‘Livestock and human eat E3. Joumal of Agricultural 
Reseatch and Developme (3) 0137-0144 

GGolobP. 2007" On-fam mycotoxin conto in food and feed grain 
In: Good Practices for Aninl Foed and Livestock Training 
‘Manual Food and Agriculture Organization of the Unied 
Sutes Ronse p27. 

Goma N etal. 2022. Clinical and pabologial examination of 
‘ycotoxicoss as an associated eke fctr for cole in equine. 
‘Microbial Pathogenesis 163: 108377 

Grenier Band Oswald IP. 2011, Mycowoxin co-coutasnation of 
food and feed: Meta-analysis of publications desing 
toxicological interactions. Wed Mytotoxin Journal 4: 283- 
a3. 

He J and Zhou T, 2010, Patent technique for detection of 
‘mycotoxins in feeds and food mattces. Receot Pens oa 
Food, Nution and Agscultue 202): 96-104 

Hreivovi Met al. 2020. In vivo assesment of zeuslenone 
‘oxic, Folia Veterinaria 0-65, 


Unique Scientific Publishers 


‘Mycolaxins Incidence in Animal Feeds 


Haskasd C et al, 2000, Factors affecting the sequestation of 
‘llaoxin by Latiobcillus shannosus stain GG. Chenico- 
Biological Interaction 128(1) 39-49. 

Haphes DM ca 1099, Oven sigas of wcty wo dogs and eats of 
dictary deorynvalenl, Jounal of Animal Science 7730 
93-700, 

Hawig A etal, 2001. Mycotoxin detoxication of animal fed by 
fret adsorbents. Toxicology Lees 1222) 179-188. 


IFIF, 2021. Global Food Staite, Interational Fed Industry 
‘edraion. hipsii-o/slobal-fedstastis! [Accessed 
Decershe 6 2021] 


Ibesbialor OOM et al, 201, Effects of mycotoxins in animal 
‘uvion: A seview. Asian Joumal of Animal Sciences 5(): 
Wa. 

Juvis B, 1971 Facts affecting the production of myeotoins 
“Journal of Applid Bactesiology 84 199-213. 

JiCetal. 2016. Review on biological degradation of mycotoxins 
“Anil ution 23). 127-133 

Jouany JP. 2007. Methods for preventing, decontamisaing and 
‘ining the toxicity of mycotoxins in feeds. Animal Food 
Science and Technology 137031). 342-362, 

Jase AL et al 2000, Microbial depralation and devoifiation of 
high molecular weight polyeyeic aromatic hydtocatbons by 
Sterophomones mabophilesusin VUN 10,008. Lets ia 
‘Applied Microisiogy 303}: 396-401 

Kabuk'B et al, 2007. Suatepis w prevent nyycotoxin 
‘contunination af food and aninal fed! A review. Cia 
Reviews in Fuod Science aid Nuaition 46: 592-619, 

Kemboi DC etl. 2020, A review ofthe impact of mycotoxins on 
bry cate health: Challenges for food sey and dairy 
‘roduetion in sub-Sabacan Alia. Toxins 124) 222 

Lopet-Garcia R etal, 1999, Intprated mycotoxin management 
‘Stem, Food, Nutition and Agicaltre 23: 38-48 

‘Mahuta § and Marguasdt RR, 2019. Mycowoias ia the feed 
anil products. Pouluy and Pig Nurtion. Challenges of 
‘he 2 century. Wageningen Academie Publishers 

‘Marin S et a. 2013. Mycotoxis: Occurence, toxicology and 
spose asesstient Food and Chemical’ Texiclogy 
Byer 

‘Muresca M, 2013. From the gut to the brain: Journey and 
fbophysiological effets of the fon-assocaed 
Uichothecene myeotouin deoxynialeael. Toxins S(4). 784- 
20. 

Moding "A et al, 2017, Climate change, food sccuity and 
‘nycotouins: Do we know enough? Fungal Biology Reviews 
Sey 1s sh 

‘Milani IM, 2018. Fcolopical conditions aecting ycorxin 
fwoduction in eeweals: A review. Veterinani Medicina 38: 
{ost 

‘Mishra Se, 2013. Occurrence af deoxynivaenol in cereals and 
exposure risk assessment ia Indian population. Food Costa! 
502) 548-355, 

‘Mobashar M etal. 2010, Ocaoxin A in rumiaans- eview on 
is degealaion by gut microbes and eflecs on animals. 
“Toxins 214: 809-839, 

‘Moet MO, 1901, Environmental factors contol mycotoxin 
Yomation, In Smuth D, Henderson R. ears. Mycotoxine 
an Animal Foods: CRC Pes, pp 39. 

‘Murugesan GR et al, 2015, Prevalence and effects of mycotoxins 
‘ot pulry Health and performance. and vecent development in 
‘ycotoun counteracting strategies Pouluy Science 4: 1298 
His) 


Unique s 


[ile § et a. 2022, Detoxification approaches of mycotoxins: by 
‘microorganisms, bioflins and exzstes Intrational Journal 
(of Food Contuination 91) 1-4 

notayo OP et aly 2019, Prevalence of mycotoxins and theie 
consequences on human “health. Toxicological Reseach 
S57 

Pemberton A and Simpson T, 1991. The chemical degradation of 
‘mycotoxins. Ia: Smith Henderson R.eiors, Mycooxins 
aud Animal Feeding Staffs: Nawal Occurence, Toxicity and 
ont CRE Pres pp. 797813, 

Pesega CS tal, 2019, Prevleat mycotoxins in animal fed: 
‘Occurence and analytical methods. Toxins 11(3}:290, 

Penuca M et al. 2002. Prevention of exposure to mycowouins from 
fod and feed, Ashiv 2a Hgijenu Rada i Toksikalogiy 53: 
20.247, 

Piotowska Mand Zakowska Z, 2005, The elimination of 
‘chratoxin A by lactic acid bacteria sain. Polish Jounal of 
Microbiology S44: 279-280 

Prodano-Radulovie Jet al, 2017. Aflatoxin SM levels in sow 
‘ilk, Journal of the Helene Veterinary Medical Society 
683) 341-36, 

Raymond SL et al, 2003. Effects of feeding a blend of grins 
atully contaminated with Fusarium mycotoxins at fed 
Take, serum chemisry and hematology of orses andthe 
efficacy ofa polymeric slucomannan mycotoxin asoebet, 
Soumal of Animal Science $1(9)-2128-2130 

Richard JL, 2007. Some major mycoxins and tei 
‘ycotoxioses ~ An overview Interational Journal of Food 
Microbiology 119(1-2) 3-10, 

‘ie Conea Fetal, 2013. Myeotoxcoses of ruminants and hoses. 
Soumal of Veterinary Disgostic Investigation 25(6)- 692. 
08 

Riley RT et a, 193. Akrtion of Tsue and Seru Sphinganine 
“o Sphingosine Ratio. An Ealy Biomarker of Exposure to 
Fuonisi-Containing Feeds in Pigs. Toxicology and Applisd 
Pharmacology 118(1): 105-1 

Rusts 1YS, 1997. Aftoxin in food and fed: Occumenc, 
Tepslaion and inactivation by” psical methods. Food 
Chemisty 941) 57-69 

Samarajowa U, 1991, Ins degradation of mycotoxins by 
fplysical methods. In: Smith J, Hendesson R_ edo 
‘jcotosias and Animal Foods. Boca Raton, USA? CRC 
Pros: pp 785-796 

‘Sanu E2005. Mould growth and mycotoxin production. In: Diaz 
DE, editor. The Mycotorin Blue Book, Nottingham, UK: 
Notungha University Press p: 225-234 

‘Samos GA eta 2010. Mycotoxns in aquaculture: Occurence ia 
feeds. components and impact anil penfrtane, 
Aquaculture Europe 35: 610. 

Shorar STH tal, 2015. Occurence of cehratoxin A in pouley 
Teeds and feed ingredients from Paksian Mycomsia 
Reseach 311) 17. 

Singh I'and Melia A, 2002. The win afluoxin BI depating 
cnzyme sn Pscuderwnaspulida is thermostable lipase 
Heliyon $10)-c10809 

‘Skelly C. 2015. Common toxins in equine fodstuts. Extension 
Bulletin E3061 

‘Stoey SD, 2015, Food Safty and aceasing Hazard of Mycoosin 
‘Occumence in Fonds and Feeds, Ciial Reviews in Food 
Science and Nuttion 30): 857.901 

Sokolovi Met al. 2008. T-2 toxin incidence and toxicity ia 
oul Aichi Za Higie nu Raa Tokssologija 39-4382 


nfific Publishers 


‘Varga J eta. 2010, Chemical hysial and biological approaches 
1h preveat ochrabxia ioduced woxioses ia humans and 
anal. Tosins 27): 1718-1750, 

Willams PC, 1991. Storage of grains and seed. ne Smith JE, 
Hendeson RS. editors. Mycotoxas and Animal Foods. Boca 
aoa, FL CRC Pres: pp 731-746, 

‘Whiow LW and Hagler WM, 2010, Mold and mycotoxin issues 
‘in dairy cae: effects, peveation and weatment. Advanced 
Dairy Technology 20: 195-20, 

Xu F etal, 2022. Review of good agiculural practices for 
slider maize furmers 10 minimise altos 
ontamiaation, Word MycotouinYoumal 182) 171-186. 


‘One Health Wied 


Zain ME. 2011, Impact of mycotoxins on hums and animals, 
soural of Saud Chemical Society 52) 129-144 

Zaki MM et al, 2012. Mycoroxns in animals: Occurence lets, 
‘evention and management Joumal of Toxicology and 
Envconmental Heal Sciences 4 13-28 

‘aang W et al, 2018. Seeing asain of Aspergillus niger und 
‘optimization of fermentation conditions for degradation of 
‘Matoxi BI. Toxins 611): 3157-3172 

Zinedine A et al, 2007. Review on the toxicity, occumenc, 
‘metabolism. detoxification, regulations and nuke of 
2zsaalenone. Av oostiogenie mjeoiosin. Food and Chemical 
‘Toxicology 45(1): 1-18 


Unique Scientific Publishers 


Antifungal Potency of Green-Fabricated Nanoparticles-An Overview of 


Recent Advances 


‘AUTHORS DETAIL 
‘Busha Hussain Shnawa!®, Salah Mads AL-Bader 
‘and Parwin Jalal Jalil 


‘Department of Biology, Faculty f Science, Soran 
University, Ebi, rag 

Department of Medical Laboratory Sciences, College 
‘of Sciences, Knowledge University, Erbil, 44001, Iraq, 
° Scientific Reseach Centre, Soran University, Soran 


30802, Erbil, lag 
“Corresponding author: bushrashnawa@soran.cdu ig 
Received: Oct 15,2022 Accepted: Dec 15, 2022 


INTRODUCTION 


Fungi are eukaryotic unicellolar or mult-cellular organisms 
found inal types of environments acros the world. Tey have 
‘various shapes and sizes, ranging fom te ize that ean be ser 
‘with the aked eye like mushreoms, to tiny yeasts and molds 
Several hundred fungi cause fungal infections or diseases, 
ven though the majority of fungi donot significantly 
ccntribute to human diseases (MeKeny et al. 2021) 

Invasive fungal diseases (IPDs), which collectively affect 
more than a billion people worldwide are cammon diseases 
caused by fungi that range from allergic syndromes 10 
superficial, and debilitating diseases that’_may be fatal 
(Bongomin etal. 2017) Invasive fungal infections severely 
threaten public heulth and are an underappreciated aspect of 
the global antimicrobial resistance crisis, Pathogenic fungi 
that infect people are developing resistance to al appeoved 
systemic anllngal medications during a time of significant 
fenvironmental change worldwide and growing. al-risk 
populatens (Fisher et al 2022), 

‘Opportunistic fungal pathogens are frequently found in our 
close environments, and many have a high spore production 
capacity. As a resull, various environmental fungal 
pathogens are regularly inhaled by humans as bioaerosls. 
Those with Weakened health or immunity are more 
susceptible to several illnesses, including’ superficial. 
allergic, chronic, and life-threatening IFDs. At the same 
time, most environmental fungi do not manifest any 
‘observable pathophysological events in healthy people. The 
‘number of patients at rsk for IFDs is ising, and older people 
are among those (Fisher et al. 2022). Indoor and outdoce 


‘environments are both favourable to Fungi, according to the 
SMatement "Risk increases synchronously with a time of 
exposure," however. indoor airborne fungi are more 
fflective on human health than outdoor aigborne fungi 
{Omolola et al. 2018; Al-Bader etal. 2021) 

Aspergillus species. Candida spp. involving C. auris, and 
Mucoromycota spp. which display strong. innate and 
‘scquited resistance to antifungal therapies, have increased 
thetr prevalence in pitients with severe viral infections for 
instance the influenza vius and COVID-19 patients 

(Singh etal. 2016; Arastefar eta. 2020; Janssen eta. 2021) 
‘The vulvovaginal candidiasis is also more prevalent among 
‘women (Shnawa et a. 2018). Invasive infetions rough! on 
by filamentous fungi have posed a significant threat to public 
health over the pst few yeurs on a global scale. Haman 
infections can be acquired by Aspernillus, Coccidivides, 
Mucorales (he most prevalent filamentous Fungi), and C: 
‘auris (a non-filamentous fungus). "They can cause life. 
threatening illnesses in immunosuppressed people, HIV/AIDS 
patients, people with uncontrolled diabetes, people with 
haematological diseases. people undergoing chemotherapy 
and transplant recipients (Leén-Buitimea etal. 2021). 

Just four classes of systemically acting antifungal 
medications have historically dominated, The treatment 
includes polyenes, ales, echinocandins, and the pyrimidine 


analogue 5-fucytosine (Robbins etal. 2017). They all have 
disadvantages regarding pharmacokinetics, 
pharmacodynamics, resistance mechanisms, and the 


‘compounds’ toxicity. in addition to their range of activity 
limitations. Additionally, there are. some resisictions. of 
clinical efficacy and efficiency, primarily due to their 
physical and chemical characteristics, such as heir 
hydrophobic nature, which results in low solubility in water, 
and selectivity issues resulting from the similarities between 
fungi and human cells (Chang et a. 2017: Souza etal. 2017). 
“Moreover, Traditional systemic mycosis antifungal therapy is 
‘expensive. frequently limited, and has significant toxie side 
elles, Nanotechnology fas emerged asa novel strategy to 
increase the effectiveness of conventional antifungal 
medications and enhance the activity of antifungal drugs. I 
‘enables lower toxicity, beter biodistribution, drug targeting 
and promising in vitro and in vivo outcomes (Souza et al 
2017). Nanoparticles are considered significant alternatives 
tw help in drug delivery (Renzi etal. 2021). Using these NPs 
in conjunction with antifungals has been shown 10 raise 
solubility, improve permeability. and bioavailability, 
increase storage stbility, prolong half-life. reduce 
therapeutic cost. and ensure proper drug dosage (Faustino et 
al 2020), Although, finding new antifungal drugs faces a 
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particular challenge due to the rising incidence of fungal 
Aiseases resistant to treatment, Recently, nanotechnology 
applications have been included ameng the most promising 
farcas of study to address these issues. The ability of 
Ianoparticles to target specific locations where fungi are 
found, their capacity to improve the pharmacological eflects 
‘of medications, and theit potential to optimize their 
‘hysiochemical peoperies have all een mentioned as reasons 
‘why they represent possible solutions (Sousa eal, 2020) 


Nanobiotechnology 


Nano-botechnology is a division of nanotechnology that 
‘offers NPs production for specific applications with itl risk 
‘of bio-systems resource influences. ~ Nanobiotschnology" 
refers to a broad field that includes the production and 
Subsequent use of patiles smaller than 100'am( Ahmad et 
al 2003; Shnava eta. 2021 a) 

Recent studies have concentrated on developing practical 
ccovtriendly green methods for generating metal NPs.The 
Green production of metal NPsis easy, clean effective, safe 
and non-expensive as they use bio-resourees (plants fungi, 
algae, and microorganisms) that can serve as feducing and 
stabilizing agents. Currently, NPs of some metals or metal 
‘ides are used as a medication to treat diferent diseases and 
ceahance human health due to their antimicrobial action ( Lee 
tal. 2011; Shnawa 2018). Plants, algae filamentous fungi, 
‘yeast bacteria, and viruses area few examples of the various 
‘organisms that could be considered sources for NPs. Some 
‘scientists looked into using microorganisms to make NPS out 
of eco-friendly materials lke cadmium, gold sulphide, and 
silver (Ahmad et al. 2016: Mokiherjee etal. 2001). Bacteria 
‘Actinomyestes, and fungi were applied to make NPs (Singh 
tal. 2016). The biosynthesis of nanoparticles has certain 
‘advantages yer oer techniques: 1- phytochemicals found in 
plant exacts wil reduce, cap. and stabilize the nanoparticles. 
2- these phytochemicals can be produced ina single pot and 
fare non-toxic, inexpensive, and environmentally friendly. > 
some OH and olher functional groups continue to bind with 
the nanoparticles even after the separation and purification 
stages of NP preparation, making the nanomaterials more 
reactive than those made using other techniques (Raj etal 
2018; Shoawa etal. 2021 6 )as shown in Fig. 1 

Nowadays, under experimental and greenhouse 
circumstances, the fungicidal activity of MgO nanoparticles 
(MgO) is assessed against soilborne Phytophthora 
hicotianae and Thelaviopsis basicola, According 0 in vitro 
research, MgO. is more effective than macroscale 
‘equivalents at suppressing sporangium development. spore 
‘germination, and fungal growth. It was discovered that there 
‘were direct contact interactions between nanoparticles and 
fungal cells or that they adhered to them, which led 10 
changes in cell morphology (Chen tal. 2020). Depending to 
Jamdagai et al, (2018) study, green-syuthestzed Zn0 
‘nanoparticles (NPs) demonstrated effective antifungal 
activiy. They found that Aspergillus niger was the most 
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sensitive among. the tested fungi. Furthermore, extensive 
studies have used nanoparticles to reat mycoses, especially 
corneal and invasive infections (Balabuthula et al. 2020: 
Faustino etal. 2020), Previously, Xia et al. (2016) 
demonstrated the effectiveness of silver manoparticles by 
showing antifungal properties against the pulliogenie and 
medication-resistant fungus Trichosporon aahit 

Regarding the biocompatibility of the green syhesized 
‘nanoparticles, Jali etal. (2021) showed no noticeable toxic 
clfect of Ag NPs at low concentrations on RECS. They 
emphasized that the green fabricated AgNPs are 
Fiocompatible and can be used as safe agents at low 
‘concentraions, Another recent finding concluded that the 
bio-symthesis Z2nO-NPs from Z spina-chriti leaf were 
biocompatible at the tested experimental levels (Shnawa etal 
2022), ‘Some significant recent articles summarizing. the 
biosynthesis of different nanoparticles with thir antifungal 
potency are shown in Table 


Mechanisms of Action of Nanoparticles against 
Fungi 


Regarding antifungal compounds, its crucial to consider the 
‘nanoparticles ste of action (on the cll membrane, eel wal 
DNA, or RNA), as well as their surface properties. The 
portion ofthe cell that communicates withthe outside world 
'S the fungal wall which regulates cell permeability. 240 
nanoparticles caused the eytoplasmic contents to liguety 
‘wich reduced the cytoplasm's electron density and resulted 
in anoticeabe separation ofthe fungal cll wall (Arciniegas- 
Gaijaba et al. 2017). Moreover, Gunalan et al. (2012) 
‘concluded that compared to chemical Za0 nanoparticles and 
father common antimicrobials, biologically synthesized 20 
had a higher growth inhibition of fungi and bacteria. Smaller 
particles’ increased bioactivity is attibuted to their high 
Surface area-to-volume ratio. According to Jamlagni et al. 
(2018), Ag-NPs significantly disrupt the target 
‘microorganisms’ cell walls and plasma membranes, causing 
pores to form and clecvolyte imbalances. ‘The broken 
Iembrane allows fungicides to enter cells more effectively 
(Khatami eta. 2018). 

‘Aaditionaly, these ZnO-NPs demonstrated antifingal activity 
against the pathogenic fungus Erzhricium salmonicolr. 
wich causes the coffee crop disease, which is alsa known as 
the pink disease (Arcniegas-Grijalha etal. 2017), 

Erazo et al. (2019) furlher concluded that reactive oxygen 
species are produced due to the electronic properties of the 
stmicondaclor material and the Zn0-NPs" capacity to 
‘obstruct electron transier in biological systems. The 2a0- 
INP¥ surface reaction with water produces hydroxyl radical 
(OH) and hydrogen peroxide H:O 

‘The fungal cell wall significantly contains chitin and 
chitosan. They have more thin 7% nitrogen (N) content 
‘Aaditionally, they have a regular dstibution of free amino 
‘eroups, which particular acids can positively charge them by 
protonation and giving them a polyeation performance. 
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‘Tablet: Ans 


poten of nanoparticles fava rom bo sources 


‘Nanoparticles Green sours Antufungul potency Reference 

Selenium Halomonas elongate bacenam Antifungal popetor again © ain (Saliet eta 

(Sens 2022) 

Selenium — (Green syathesis Antitungal properties of nanoparticles (SeNPs) against C albicans and C. (Hoss 

SeNPs) slabrata Balghi etal 
2022) 

Selenium (Se Fabricated by Bacillus species Against A. famigans and C. albicans. Thy demoostated that mould (Shakti ea 

NPs) Mabel cells were less sensive than yeas ells 2015) 

Silver Green production of AgNPs They demonstrated high action agaast C aicans and C.ropealis_(Mallmann et 

(AGNPs) using ibs a reducing agent 2015) 

Silver Ser tanopamicies (AENPS) The antifungal propenicspaticlaly noble agaiastihe phytopatogen (Huang et al 

(AGNES) were synthesized by Ligustrim Seonphueria cca 2020) 

eld ea extac. 

Siler Green bonynthesized A. fmigats.A niger, A. flavus. Trichophyton rabrin, C: albicans. and (Mansoor a 

(AINE) ‘entilium species have all displayed growth iaubton by AgNPs. 2021) 

Zine. axide Aloe leaf broth exact Revealed arity aguist fungal stats AL flavus, AL ndans, (Guna a 


(Za Nes) 
Zinz. oxide Flower extract 
{a0 NPs) arborist 
Silver Waste-grass-mediated 
(ARNPS) synthesis 

Gata 


Trichoderma haranion, and Rhisopas solr 
of Nctanthes Active aginst Aernara alternate, Asperails niger Baty ener Oaraago etal 
{ATCC 6102) Fusartam eysporun and Pencils xpansume 
g1cen Fuserium sola and Rhcoctonia soln. The highest effect of AgNPs (Khatani et a 
‘gana F. slant was 9% at concentration of 20 tl of ABNP 
(Au AUNPs peduced from Garcinia Aciviy against Fusarium oxtaperium was greater han C, abicn, and (Adskunle eta 


2012) 
20s) 


2018), 


NPs) ta teat Peniclunecamemert was greater han A flaws 2020) 
Gold AuNPs. biosythesized by Antifungal activay against slant (ie ece fungal palogen), (Salts Neder 
(AUNPs) mycelial biomass of endophytic L200) 
fungus Phoma sp. 
Silver _Biolabvcated AENPS using cell Compared to chemically fabricated Ag, biosythesized Ag NPs improved (Kumari eta 
(ARNPS) fee liste of Trichoderma the reduction in dey weight of Fusarium oxysporum and Alteruaria 2019) 
nie brasicicola by 20% and 4B, respectively 
AgCUNPs Ag CuNPs from bak exacts of Showed antifungal activity and ordered as A. lays > Candida albicans (Akintela and 


Garena hola 


> Fusayium avspern Cana opis 


Folaruso 2019) 


This led to. lipids, proteins dyes, and ther negatively charge 
substinces cin all be bound to chitin. As a resll, these 
chirateistics would also make the chitosin yulnerable to 
attack by reactive oxygen species (ROS) (Erazo etal. 2019) 

Its shown that various metal nanoparticles, fr instance. Ag- 
NPs, Zn0-NPs, and CuO-NPs, as well as their ions (Ags, 
a+, and Cu?+),are toxic to fungi. The toxicity mechanism 
“agsinst fungi varies depending on the metal nanoparticles 


Fig. General mechanisa for 
seen synthesis of nanoparticles 
Phenols, avoncids and eters are 
secondary metals of plants hat 
have been reported 10 ats bio- 
educate of metalic fons ia an 
fgueouseuveeument The 
fnetiaal groups in these plant 
components serve as reducing, 
fapping and stabilizing agents fo 
nanoparticle symhesis 


physicochemical properties, the concentration used, and the 
soil environment (Ameen et al. 2021). 

‘A study examined the antifungal activity of AgNPs and their 
Icchanisms against the fngicide-resistant and fungicide- 
sensitive stains of F. graminearin. They also clarified theit 
fects onthe praduction of mycotoxin deoxynivalenol (DON) 
tnd evaluated the potential of AgNPs forthe management 
‘of Fusarium head blight (PHB) disease in cereal crops. 
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NH, oxidation 
Reduced activity of 


Flg2 Proposed mechanisms for utifungal atv of NPs. The NPs ae induced nt the cell ough proton pups and enhance reactive 
‘oxygen specie, casing harm to de eytoplasauc organelles, inhibiting reno paps, damasig the coll Wall, abd targeting the metabolic 


process ROS: Reactive oxygen pe 


Silyer nanoparticles (AgNPs) exhibit excellent antifungal 
activity against both fungicide-sensitive and -fungicide- 
resistant F. graminearum strains through several 
‘mechanisms, including disruption of fungal development and 
cell membranes as well as disruption of cellular energy 
‘ulsstion and metabolism pathways. Even though AgNPs 
may upregulate azole resistance-elated ATP-binding 
cassette (ABC) transporter genes, the control elficacy’ of the 
fungicides was unafleted. But each coin has double sides: 
‘AgNPs have potent antifungal action against F 
{raminearum. However, these can also be able to lead 10 
increased production of the infamous mycotoxin 
ddeoxynivalenol (DON). AgNPs must be utilized as efficient 
land allemative medicinal candidates for pathogens that 
produce mycotoxin by balancing their antifungal actice and 
DON fabrication. Combining AgNPs and DON-reducing 
fungicides may be an option for managing FHB disease 
Future research is required to assess AgNPs* antimicrobial 
potential in practical agricultural settings (Jian etl. 2 


Ps: Nanoparticles, and BNF: Biological mrogen fixation 


‘To overcome fungi resistance, AgNPs are used. AgNPs 
lisrupt cell walls, damage surface proteins, harm nucleic 
cide by generating and accumulating ROS and fre radicals, 
and obstruct proton pumps. According to Du etal. (2012). 
‘AgNPs cause the accumulation of silver ions, which 
interferes with intracellular ion efflux and inhibits 
respiration, causing harm to the electron transport system. 
“The antifungal activity of nanoparticles is atrbuted to their 
smaller size to large surface ratio. AgNPs tht are smaller in 
size can easly cross cell boundaries. AgNPS' toxicity is 
partially explained by the generation of ROS, which triggers 
apoptosis. According to various theories ( Beer etal. 2012: 
Kim and Ryu 2012), the in vitro toxicity of AgNPs is caused 
hy either the interaction of Ag ions and AgNPs or their 
clfects. Further research is required to determine the precise 
mechanisms and modes of action of AgNPs (Mansoor et al 

). The proposed mechanisms of NPs ation against fungi 
axe illustrated in Fig. 2 
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‘Antifungal Drugs and Nanoparticles for Antifungal 
Drug Delivery 


‘The main variety of antifungal drugs used in mycoses 
therapy contains polyenes (amphotericin B. hamycin, 
‘atamyein, and ystatin), azoles (imidazoles such as 
Jetocenazole, miconazole, etc), tiazoles (@uconazole, 
itraconazole, ravuconazole, posaconszole, etc. ) thiazole 
(ahafungin), pyrimidine analogue (flueytosine), squalene 
‘monooxygenase (allylamines (nafifine. and terbinafine). 
toenzylamine —(hutenafine), and mitotic inhibitor 
(griseofulvin) (Campoy et al. 2017; Nami et al. 2019), 
[Nanoparticles are particularly used to treat fungal infections 
Because of their unique properties. these particles—unlike 
pure antibictics—can exert a more substantial inhibitory 
power even when used in. lower concentrations than 
‘Pharmaceuticals. Antifungal drugs have been used in 
Aelivery systems despite their poor pharmacokinetics, 
decreased efficacy, limited tissue penetration, poor aqueous 
solubility, decreased bicavailaility side effects, and drug 
Stability. ‘These factors are significant and well-known 
(Soliman 2017: Hassanpour etal. 2020), 

New therapeutic options for teiting aspergillosis and 
infections caused by Candida have been developed wsing 
‘various strategies, including incorporating coating materials, 
complexes made through green chemistry, of combining 
polymers. However. there are few treatment options for 
coccidioidomycosis and mucormycosis, and the majority of 
them ate still in the research and development stage (Leén- 
Buitimea et al 2021), Hence, more studies are needed 10 
explore novel therapeutic opportunities that solve this 
problem, Nanoparticles can overcome several unfavourable 
drug characteristics of flexibility, multifunctionality, and 
‘road properties (Nami et al. 2021), 

Various NPS sublypes are used as antifungal delivery 
systems, which inlude: 


1-Solid lipid Nanoparticle 


‘The characteristics of the drugs loaded in such a formula 
depend on the components used and the characteristics ofthe 
drugs. Real problems are observed in the cases of eutancons 
infections treated by taditional systemic medicines. The fist 
is poor medication accessibility atthe infection site and the 
sevond isthe drug tonicity and side effect of drugs. The new 
ddruge are characterized by continued — release, 
biocompatibility. and decreasing side effects (Pople etal 
2006; Teombina etal. 2016), 


2 Nanostructured Lipid Carrier 


In this application, solid and liquid lipids are composed of an 
essential matrix (Aghchati-Maleki etal. 2020). The solubility 
ff the compound inerease when mixed with antifungals, The 
shape of molecules isals beers encapsulated and they have 


a high affinity 10 bind with cell receptors: thus, they are 
shsorbed faster, Finally, using NLCs as drug eariers expands 
the drug's effective period in the body by protecting the 
‘composition from biodegradation (Haider et al. 2020) 
‘Amphotericin-B was loaded in such a composition and gave 
‘better result in treating keratitis (Fu et al. 2017). 


3- Cubic Liquid Crystalline Nanoparticle 


‘This structure, also known as cubosomes, is a discrete 
nanostructured particle characterized by its bio-adhesive and 
biocompatibility properties (Spicer 2005) Several properties 
were observed for cibosomes when they were used a drug 
‘carriers and they possess a small size with minimal viscosity 
tnd larger interfacial areas. The core of the molecule ix 
hydrophobic. The structural properties result inefficient drug 
loading (Yang et al. 2012: Zhang eta 2020 


4. Silver Nanoparticles 


Silver nanoparticles (AgNPs) have been widely used in 
medicine, ‘The particles have distinctive chemical and 
physical characteristics. They possess thermal, high electrical 
‘conductivity and biological properties (Nazar et al. 2 
‘oang et al. 2016 ). Studies showed that the combination 
(amphotericin-B (silver nanoparticles) has high antifungal 
activity against Candida, Aspergillus, and Fusarium than the 
pre drug (Ahmad etal. 2016; Tutaj eta. 2016). 


5- Polylactic-co-glycolic Acid Nanoparticle 


For the past 20 years, polylactic-co-lyeolic acid (PLGA) is 
fone of the greatest alluring polymeric candidates used to 
‘create devices for tissue enginccring and drug delivery. In 
addition to having a wide range of erosion times, tunable 
mechanical properties, and of utmost impectance, being an 
FDA-approved polymer. PLGA is also biocompatible and 
biodegradable. In particular. PLGA has received extensive 
research altention foe ersating devices for the controled 
delivery of small-molecule medications, proteins, another 
‘macromolecules in both commercial and academic settings 
(Makadia etal. 2011), 


6- Gelatin as a Natural, Adaptable Biopolymer 


Collagen is hydrolyzed ta produce the protein known as 
gelatin. For tse in manobictechnology and 
rhanopharmaceuticals, gelatin is a desirable biodes 
‘iateral. Due to their biocompatibility and bide 
{gelatin nanoparticles (NPs) have been widely used asa drug, 
tnd gene cirier to target sick tisues, including cancer 
tuberculosis, HIV infection, and the treatment of yasospas 
and restenosis (Yasmin et al. 2017) In a 2017 study on 
‘managing infection and inflammation in keratitis, Absan and 
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Rao created a doubleesolvation _ ketocomszole- 
encapsulated gelatin nanoparticle. They discovered that 
these NPs could lengthen drug residence time. reduce 
inflammatory cytokines, and release antifungal drugs i their 
study on Aspergillus flayus- infected corneas of rats (Ahsan 
and Rao 2017) 


Conclusion 


Due to their rising annual incidences and! mortality rates, 
fungal infections are becoming more and more critical in 
today's world, The majority of commercially available 
antifungals are successful in eating these fungi, but due to 
problems with issue penetration, aqueous solubility, reduced 
bicavailailty, drug eficacy and resistance, side eects, and 
drug pharmacokinetics, researchers have been looking for 
‘ways to enhance the effectiveness of the currently wvailable 
‘medications. In order to maximize the effectiveness of 
antifungals over the past 20 years, the use of NPs drug- 
delivery systems to broaden the scope of antifungsl functions 
thas become increasingly important. Consequently. more 
study is needed to develop promising therapeutic 
‘opportunities that lead to advancement in ths field 


REFERENCES 


‘Adskunle FF et al, 2020, Investigation of the effectiveness of 
biosynthesis gold nanoparticles from Gucinia Kola leaves 


guint fungal snecions. International Jounal of 
‘Nanoparticles aut 316.326, 
aps ey 10.15040jop.2020 10034532 

‘Aghebati-Malehi A et al, 2020. Nanoparticles and cancer therapy 


Perspectives for aplication of naopatiles ithe eaten 
cancers. Jounal of Celular Physiology 238(3): 1962-1972 
np g/10.1002%¢929126 

Aumad’ Act al, 2003, Exiacelllar biosutbesis of siler 
‘hanoparicls using the fungus Fusarium oxysporum. Colloids 
and Surfaces B:  Bloinerfaces. 2814): 313-318 
np og. 1016180927-7765(02)0174-1 

Abad'A etal, 2016. Amphotericin B-conjugated biogenic silver 
‘anopaticis as an ianovaivestatgy for fungal infections. 
Microbial “Pathogenesis 99: 27-281 
Ingpsotrg/10.1016), path 2016.08.081 

_Atwan SM and Rao CML, 2017, Condition responsive nanoparticles 
for managing infction and inflammation in keraltis 
Nanoscale 908): ‘946.9050, 
gpk og/10.1039%c7 0922 

Akin etal 209, Biosytheis, characterization and antifungal 
Tnvesigation of Ag-C aangparticis fo bark ext of 
Garina koa. Som Cell 104-9037 

‘ALBader SM e¢ al. 2021. Anifungal Activity of Essel Oils 
‘Vapors Against Fungi bolsted from Car Air- Coadtonee 
Filer. Medico Legal Update 2104): 30-306, 
mpd oeg/10.87506/mu. 21143147 

Ameen Fetal, 2021. A review on setlhsed nanoputils and 


Their toxity to beneficial soll bacteria al. fang 
FEeooxiology and. Environmental Safty 213) 112027 
np ry/10.1016),ccoens-200, 112027 


‘One Health Wad 


Arastehfar At a, 2020, COVID-I9-Asosisted. Candidiasis 
CAC): At Undeeestinated Complication inthe Absence of 
TumusolgicalPredispostions? Journal of Fung (Base 
Switzeana) 6). pedo org/10.3800eF040211 

Avciniega-Gaijalba PA etal, 2017-200 nanoparticles (ZA0-NPs) 
‘a thei aiungal activity against coffee Fungus Eyheciun, 
Salmonicolor. Applied " Nanoscience —7(5}- 225241 
Inpssdo.ng/101007S13206017-0561-3 

Balabuhula P et al, 2020. Lyophilized kon Orie Nanoparticles 
Encapsulated in Amphstencin B: A Noel Tageied Nano 

Drug Delivery System forthe Treatment af Systemic Fungal 

Infections, Pharmaceutics 1G) 

ips dong 10 3300/pharmacouis 2030287 

etal, 2012 Toxicity a silver nanoparticles - nanoparticle ce 

silver "ion? ‘Toxicology eters 208(3). 286292 

Ips ng/10.10 1620x2011 11.002 

ongomin Fetal, 2017. Global ae sl-national prevalence of 
Tinga dseases—estimate precision Journal of Fungi 48) 57 
nso. ny 10. 3300013080087 

‘Campoy et al 2017. Antfunsuls. Biochemical Phamacology 
3: 86-96 nps:/dtog/ 101016), bep 201611019 

(Chang YL et al, 2017. New faces of antifungal therapy, Viraence 
*2h m6 
pon 10.1080721505598.2016.1257487 

(Chen Fecal, 2020. Comparative Study cn the Fungicidal Activity 
‘of Meuilic MgO Nanopatices and Mucroscle MgO Against 
Soilborne Fungal Phytopathogeas. oats Micrbiol 1: 
365. psd og 10 389m. 200.0965 

Du Hot al, 2012. Systems-level analysis of Escherichia cai 
response o silver aanoparicles: the oles of anacrobic 
respiration in microbial resisance. Biochemical and 
Biophysical Research Communications 244}: 657-662, 
Inpssido.ng/10. 1016.8 2012.06 134 

razo Act al, 2019. Syuhesis of Z00 sanopanices with dierent 
Toocphology: study of thet anifungal effect stains of 
‘Apersills iger and Bouts cinerea. Materials Chemisty 
and Physics 23: rns 
ipso. on10. 1016. MATCHEMPHYS 2019.08.075 

Fausino C et al, 2020. Lipid Systems for the Delivery of 
‘Amptricin B in Antunes! Theripy. Pharmaceutics 12). 
Inpsdo.ng/10.3300/paraceuties [2010029 

Fisher MC etal. 2023. Tackling the emerging teat of anifungal 
Tesstunce to human health Nature Reviews. Microbiology 
20(0)557-571 hpsda 9/10. 1088)8159.422-00720-1 

Fu Tt a, 2017, Ocular amphotericin B delivery by chitosan 
iid maposvuctured pid cavirs for fngil Kea 
targeted therapy. ltomational Liposome Society 27(3) 28 
235 ps: ido og 101008982104 2016. 1223809 

Gunalan Set al 2012 Green sythesized 250 nanoparticles aginst 
Tucerial al fungal pathogens. Progress in Natal Sconce 
Muteals Intemational 2316). «695-700, 
hnpsdo.ong/10.1016,pase 2012 11.015, 

Halder Metal, 2028, Ngostrucued Lipid Cavers for Delivery of 
‘Chemethcrapeutie A Review. Pharmaceutics 123). 
Ips. ny10.3300/pharmacouis 2030288 

Hassnpour Pet al, 2020. An appa ofsnifungs impacts of 
Tuno-liposome containing varconszale an vericonazale- 
resist Aspergils flavus folate a a groundieaking deg 
<elsry system. Nanomedicine Research foumal (1): 90100. 
hpssiotng/10.22034/any) 2020.01 010 

Hossein Bafghi Mt al, 2022 Green synthesis of selenium 
Tuoparticles and evaiuae their effect on the eapession of 


Unique Scientific Publishers 


“nlifungal Potency of Green Fabricated Nenopariicles 


ERG, ERGII and FKSI_anifunssl resisance genes in 
(Candid albicans and Candida gabe Society foe Applied 
Microbiclogy His) 004819, 
np og/10.111 1am. 13657 

Huang W ct al, 2020. Syprgisic Antifungal Activity of Green 
‘Synthesized Silver Nanoparticles an Epoxiconazole against 
‘Sefospcta tric, Jounal of Nanomaterials 2020; 9538432. 
np dotong/10.1172020083843 

Jil PIet al, 2021. Silver Nanoparticles: Green Synesis, 
Characterization, Blood Compaliilty and. Protoscolicidal 
[cacy against Exhinococeus granulosus. Pakistan Veterinary 
Soural (3) psd oe 10.2926 ipakvet/2021.039| 

Jaman Petal. 2018, Gren synthesis of anc oxide nanoparticles 
wing flower extact of Nyetahes arbor-‘isis and thee 
‘fungal uctviy. Journal of King Saud University = Selene 
43042): 168-175. ups og/10, 1016p, Asus.2016.10.002 

Janssen NAF et al, 2021 Multinational Observational Cabot Sty 
‘ COVID-IO-Assoviated Pulmonary Aspevslsis(1 
Emerging Infectious Diseases 21(11): 2402-2808 
Ingpsiotong/10.3201/6d2711 211174 

Slag Y"et al. 2022. Toxicity and action mechanisms of silver 
‘nanoparticles against» the mjeotoxs-pradcing fungus 
‘Fusarium graminavan. Jounal of Advanced Research 38 1- 
12 do on 10.1016 ue 2021.09.006 

Khatami M etal, 2018, Waste-rass-mediaed green synthesis of 
‘iver nanoparticles and cvalution of thir anticancer, 
nifungal atl uabucterilaeivity. Green Chemisty Letters 
and Reviews fren 1s 
agp. 180/175 18253 2018. 1448797 

kim $ etal, 2013 Silver sanopanicle-nduced oxidative stoss, 
sepotoicity and apoposs in cule cell and animal sues. 
Soural of Applied Toxicology 332) 7889. 
Ingpfidiong/10.1002F 4.2792 

Kuma M ea. 2019. An insight ito the mechanism of aniungal 
‘activity of biogenic nanopariles than their chemical 
‘Sountrpats. Pesce Biochemistry and Physiology 157: 45- 
52. pad or 10. 1016 esp. 2019.08.05 

‘ce Ff al 2011, Green spect of phytochennical-staiized Au 


‘nanoparticles under ambieatcondiieus and their 
biocompatibility and aniondaive actiiy. Journal “of 
Mesias Chemisty 21035). 15816-13326 


np. og/10.1039/C UMLI592EL 

‘Leso-Butiea A ot al, 2021, Nanontera-Rased Antifungal 
‘Therapies 10 Combat Fungal Diseuses Asperiloi, 
CCoccdiidomycosis, Mucoemycosis. and Candidiasis 
Pathogens 1010). ats. np/10.3390/pabhogeas 0101303 

‘Matadia HK et a 2011 Poly Lateco-Giyeoie Aid (PLGA) as 
Bindegradale Coniclled Drug Delivery Caer. Polymers 
(Base) 30) 1ST7-1397, 
ngp:/ioieg/10.3390%payn3031377 

‘Mallmann EY etal. 2015, Antifungal activity of ver nanoparices 
tained by green synthesis. Revista do Instituto de Medicina 
Tropical "de S90 Paulo 372). 165-167 
pong. 1S0150036-46552015000200011 

‘Mansoor § etal 2021, Fabrication of silver nanoparticles aginst 
Tungal pathogens. Freatiers ia Nancechnology 3: 679358 
Innpsdotog/10.3389/ano 2021679358, 

MeKeny PT etal, 2021, Antifungal anibitcs 
Inert Treasure and (FL) PMD: 30844195, 

Mukbejee P etal, 2001. Fungus-nedted synthesis of silver 
‘aopartiles and heir iunobization i the mycelial mats: 


SuuPests 


4 notel iological approach to nanoparticle synthesis. Nano 
Ieters 110} 315-819 nps/fdoog/. 1020155278 
Onolala AQ et al. 2018. Indoor Airbome Microbial Load of 
Selected Offices in a Tetary Institution in South-Westem 
Nigeria Joumal of Health nd Environmental Reseuch 43) 

S118, bapsifdo gp 1011688) jher20180403.15 

Nami 3 et al, 2021. Curent applications and prospects of 
Tanopantics for antifungal dup delivery. Expeimensal and 
Clinical Sciences Journal 20.562. 
nips. ong/10.17179/ee2020-3068 

Nuni'S ct al, 2019, Current” antifungal drugs and 
immunatesapewic approaches as promising statesies 10 
eament of fungal diseases. Biomed Phaacahe 110-857- 
68 psd of 10 10165 pha 2018.12.00 

Novati $ et al, 2012. Comparision of antifungal effect of 
fluconazole one and in combination with nance paris 
‘guint candidn species old fram chronic. candidal 
‘alvovgints Raz! Tourn of Madiel Sciences 193). 

Pople PV et al, 2006, Development apd evaluation of topial 
Toxmulation containing solid lipid eanopaticles of vitamin A. 
American Association of Pharmaceutical Scientists 74) 63- 
. 

Raj S tal, 2018. Green synthesis and characterization of iver 
nopaticles using Enicostemm aula (Lam. lea ese 
Biochemical and’ Biophysical Research Communications 
sani 2S142810, 
Inipsido.o10. 1016.86 2018 08.045 

Renal DE etal 202i, Nanoparticles st « Tool for Broudening 
‘Aatiungal Activites. Curent Medicinal Chessy 289) 
TALIS 

Robbins N et al, 2017, Molecular Evolution of Antifungal Drug 
Resistance. Annual Review of Microbiology’ 71: 753-715. 
psd ng/10.116/anate-micro-080117 020345 

Safuei Met al, 2022. Optimization of Geen yess of Selenium 
‘Nanopaticls and Erluation of Theie Antifungal Activity 
against Oval Candid ican Infection, Advances in Mates 
Science and. -Eogincering 2 13708, 
ip do on 10.1158/20241376098 

Shakibaie Moet al. 2015. Antifungal acivity of selenium 
nanoparticles sytesized by Bacils species Msb-I against, 
Aspetsillay fumigas and Candida albicans. Jundishapur 
Jour ot ‘Microbiology 409) 
psd. 10.58127jm 26381 

Smnawa BH et al, 2018, Etolopcal agents of Vulvovagints 
‘amongst Women complaining of genial ct infection a San 
Gay, Kurdistan, aq. International Journal of Biosciences 
15). 268-279. psd any 10.1158201 74919408 

Sawa BH 2018, Advances inthe se of tanoparices a at 
‘ystic echinoaccoss agents: a fevew article. Journal of 
Phanmaceutcal Research terion 24(1)2"— 1-14, 
Ips doi oe/10 97SIPRURO INIA 

Sawa BE etal, 2021a. Napopanices asa new approach for 
eating hydatid cyst dscae Ia: Abbas RZ. Kab ers. 
Veterinary Puhobiology and Public Heal Unique Scenic 
Pablsters, Faisalabad, Pakistan: pp: 180-189. 
hips di ce 10.47278bok.ypphv2021.015 

Stnawa BH eta, 2021, Scolicdal actiity of bosputhexied ine 
“oxide nanopaticis by Menta longiolit L-leves against 
Echinocaccs granulosus prtoscolices. Emergent Mactils 
1 hips rg/0.1007842247-02- 02649 

Shaws BH et a, 2022, Protowolicidal and. Biocompaibilty 
Properies of Biologically Fabnealad Zine’ Oxide 


Unique Scientific Publishers 


[Nanoparticles Using Ziziphus spinach Leaves, Pakistan 
‘ewraary Journal. htp/dedoi.rg/102926Upakvesy 
aoma.088 

Singh P etal, 2016, Biological syhesis of nanoparticles frm 
plans and microorganisms. Tends in Bicschnology 34(7: 
589-599, hpsido ny 10-1016 ee, 201602.006 

Soliman GML 2017. Nanoparticles as safe and effeeuve delivery 
‘tems of antifungal agents: Achievements and challenges 
Intemational Journal of Pharmaceutics 528). 15-32 
np og/10. 1016) pharm 2017.03.019| 

Saltci Nejad M et al, 2022. Evaluation of Phora sp. Biomass x 
‘a Endophytic Fungus for Synthesis of Extracellular Gold 
[Nanoparticles with Anabuctenal und Antifungal Properties. 
Molecules 214: sh 
np og/108390Hmolecules27041 181 

Souza AC etal 2017, Aningal Therapy foe Systemic Mycosis 
and the Nanobiowehnology Fru: Improving, Eiieacy. 
Biodistibuton and Toxicity Ponts in Microbiology 8: 336 
np: og/108389FEmich 2017.00336 

Sousa Fret al. 2020. "Curren asights on Antifungal Therapy 
‘Novel Nantechoology Approaches fee Drag. Delivery 
Systems and) New Drugs fiom Natal Sources 
Pharmaceuticals 149) 2s 
n/t 10.33007ph1 3000248 

Spicer PT, 2005, Cubosome Procesing Industrial Nanopticle 
“Techaology Development. Chemical Enginering Research 
and Design 83: 1283-1286, mpudoc eg! 
To. tansicend 507 


‘One Health Wad 


‘Trambino $ otal, 2016, Solid lipid nanoparticles fr antifungal 
‘hugs delivery fo topieal applications. Therapeutic Delivery 
719): 639-687. psifdoon/10-AtSStde- 2016-0040 

“Tuy K tal. 2016. Amplicencin B-silver hybrid nanopanicles: 
‘syathesis, properties and antifungal acuity. Nanomedicine 
124s); 1095-1103. psd on 10.1016.nan0.2018.12 37% 

Xia ZK etal, 2016. The snitngal eet of iver nanoparticles on 
“Tichospron asa, Journal of Microbiology, Inmunology 
and Infection 490: 12188, 
Inpssido.ong/10.1016/,i.2018.04013, 

Yang Z ct al, 2012. Development of amphotericin B-loaded 
“ubosomes though he SolEmuls technology fr enhancing the 
‘orl bioavailability. American Association of Phuracewical 
Scientists 134 1483-1401. psd np/10.1208112240- 
01298762 

‘Yasmin Reta, 2017. Gelatin nanoparticles: poten candidate 
for medical applications. Nanetechology Reviews 62) 191 
207 psd of 10151-20160, 

‘hang Lota, 2020. Teranostic combinatorial drug loaded costed 
“ubosomes for enhanced targeting and efficacy against cancer 
fell, Gell Death and Disease 1D: 
Ipsok. ong 10.1036/s81410-019-21820 

Zhang XF etal, 2016. Silver aanoparces:syress 
‘hatacterization, properties, applications, and. therapeutic 
‘ppronches. Intemational journal of molecular sciences 1709) 
S84 upsdtdog/. 3390517091534 


Unique Scientific Publishers 


